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PREFACE 
The work described in  this report ,  the eighth in  a s e r i e s ,  was  performed 
by the Tracking and Data Acquisition organization of the Jet  Propulsion 
Laboratory.  It covers  the technical activit ies of the Deep Space Network a s  
related to the P ioneer  VI11 extended mission.  
s e r i e s  present  the nominal miss ions  of Pioneers  VI, VII, VIII, and IX. This 
volume and i t s  p redecesso r s ,  Volumes V, VI, and VI1 a r e  the f i r s t  to record  
the extended miss ion  activit ies of the Pioneers .  
to special  Pioneer experiments such a s  so la r  syzygyies, radial  and s p i r a l  
experiments,  and occultation experiments which were  made possible by the 
use of two o r  more  spacecraf t .  
Volumes I through IV of the 
It covers  the support given 
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ABSTRACT 
The Pioneer  VI11 miss ion  (outward t ra jec tory  and heliocentric orbi t )  
employed seven scientific instruments  to accumulate information relat ive to 
interplanetary high-energy par t ic les ,  so la r  phenomena, and plasma.  The 
spacecraf t  a l so  served  a s  a celest ia l  mechanics experiment  reference point, 
and ca r r i ed  aloft a "piggy-back" satel l i te ,  called the Tes t  and Training 
Satellite, to be used for  Apollo ground station crew training and miss ion  
simulation. 
phase was made possible by the Deep Space Network which responded to a l l  
tracking te lemet ry ,  command, monitoring, simulation, and operations control 
requi rements .  
Deep space tracking for  the f i r s t  period of the extended flight 
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P a r t  I 
PROJECT BACKGROUND AND MISSION DESCRIPTION 
I. INTRODUCTION 
This document provides a record  of the t rack-  
ing and data acquisition (TDA) activit ies of the 
Deep Space Network (DSN) in  support  of the 
Pioneer VI11 Pro jec t .  
descriptions of the TDA requirements ,  a compre-  
hensive account of tracking operations,  and a 
Tracking and Data System (TDS) performance 
evaluation summary.  
information presented,  the spacecraf t  scientific 
instruments ,  and a portion of the related ground 
equipment a r e  described in  subsequent sections of 
this volume. A listing i s  provided of ma jo r  events 
and their  t ime of occurrence during the Pioneer 
VI11 flight, pass  172 through pass  566. 
Included i n  this repor t  a r e  
To aid in  understanding the 
A. Objectives 
Pioneer VI11 was the third in  a second genera-  
tion of unmanned spacecraf t  launched by the 
Pioneer Pro jec t  under NASA control to collect  
data on interplanetary phenomena. 
Pro jec t  was designed to provide a means to study 
the magnetic field,  spat ia l  plasma,  cosmic rays ,  
high-energy par t ic les ,  e lectron density,  e lec t r ic  
f ie lds ,  and cosmic dust within a region of 0.75 to 
1.20 AU f r o m  the sun. Data were  analyzed to 
obtain knowledge of so la r  disturbances and the 
relationship between so lar  and galactic fields.  
The p r imary  objective of the Pioneer  VI11 mission 
was to accumulate scientific information f r o m  
deep space.  The t ime required for  the analysis of 
such data i s  considerable.  This is attr ibutable to 
the fact  that the gathered data encompass a var ie ty  
of technical disciplines;  moreove r ,  the responsi-  
bility of preparing the analyses r e s t s  with the 
individual scientific experimenters  having instru-  
ments  aboard the spacecraf t .  
The Pioneer 
B. Background 
The Pro jec t  was initiated in  1958 a s  par t  of 
the U. S. participation in  the International Geo- 
physical Year .  
analysis  was a par t  of a pioneer space weather 
repor t  teletyped regular ly  to U. S. Space Disturb- 
ance Forecas t  Centers .  
Near - rea l - t ime data reduction and 
Pioneer V, in  closing out the f i r s t  Pioneer 
generation, remained active in  space m o r e  than 3 
months and was  not lost  to e a r t h  contact until i t  
was 27,500, 000 km f rom ear th .  
record .  
This was a new 
Pioneers  VI and VI1 - carrying s ix  scientific 
instruments  to investigate the charac te r i s t ics  of 
magnetic f ie lds ,  plasma,  and cosmic rays  in in te r -  
planetary space - were  launched f r o m  Cape 
Kennedy Air  F o r c e  Station, F lor ida ,  on December 
16, 1965, and August 17, 1966, respectively.  
The Pioneer  VI11 spacecraf t  was launched by 
a Delta DSV-3E launch vehicle f r o m  complex 17-B 
a t  Cape Kennedy a t  0908:OO EST (1408:OO GMT) on 
December 13, 1967. The countdown proceeded 
smoothly, with no anomalies encountered. The 
launch vehicle sys t em performance of all three 
s tages  was nominal. 
peared normal ,  and a nominal heliocentric orbi t  
was obtained. 
occurred a s  planned. 
The boost t ra jec tory  ap- 
Data acquisition f r o m  the DSN 
This document repor t s  the f i r s t  year  of 
extended flight phase support. Table 1 l i s t s  
the DSN stations and locations during the period 
reported.  
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11. TDA SUPPORT 
The TDS began support  of Pioneer  VI11 during 
the near -ear th  phase (launch until deep space s ta -  
tion two-way lock with the spacecraf t )  by tracking 
the spacecraf t .  It thereby acquired launch vehicle 
and spacecraf t  te lemetry data and a l s o  t ransmit ted 
commands to the spacecraf t .  
The TDSwasmadeupof  the Ai r  Force  Eas t e rn  
Tes t  Range (AFETR),  Manned Space Flight Net- 
work (MSFN), NASA Communications System 
(NASCOM), and the DSN. This repor t  is con- 
cerned with the activit ies of the DSN, which was  
under management and technical direction of the 
Jet  Propulsion Laboratory ( JPL) ,  California 
Institute of Technology. Ames Research  Center  
(ARC) was  the manager  of the Pioneer  Project .  
A. DSN Configurations 
The DSN had the capability for  two-way coni- 
munication with spacecraf t  traveling a s  near  a s  
16,000 km(10,OOO mi1es) f rom e a r t h  and a s  far a s  
interplanetary distances.  Faci l i t ies  of the DSN 
were the Deep Space Instrumentation Facil i ty 
(DSIF) for data acquisition and t ransmiss ion ,  the 
Ground Communications Facil i ty (GCF) for  data 
t ransfer ,  and the Space Flight Operat ions Facil i ty 
(SFOF) for data  processing. DSN sys tems were 
tracking te lemet ry ,  command, simulation, moni- 
toring, and operations control.  Figure 1 shows a 
diagram of the DSN and Pioneer  Pro jec t  sys tems.  
The 26-m-diam (85 f t )  antenna stations that 
supported the Pioneer  VI11 spacecraf t  in  the deep 
space flight phase were Pioneer  (DSS 11) and Echo 
(DSS 12),  both at Goldstone, Calif. ; Woomera 
(DSS 41) and Tidbinbilla (DSS 42),  in  Austral ia ;  
Johannesburg (DSS 51),  in  South Afr ica;  and 
Robledo (DSS 61) and Cebreros  (DSS 62), Madrid,  
Spain. 
The 64-m-diam (210 f t )  antenna (DSS 14, 
Goldstone) was not used because Pioneer  VI11 
remained within the range of the 26-m-antenna. 
The DSN objectives were: 
Acquire spacecraf t  engineering and 
science data via te lemetry.  
Provide f o r  positive control  of 
space c raf t  . 
Provide f o r  accura te  spacecraf t  navi- 
gation by generating radiometr ic  data. 
Provide support  for  a number of complex 
missions concurrent ly  . 
Provide mas te r  data records  of vali-  
dated data  i n  n e a r - r e a l  t ime.  
The DSNwas capable of providing 24-h 
coverage for  spacecraf t .  
important  for flexibility i n  planning missions and 
providing maximum data r e t u r n  and a l s o  for  
immediate  detection of spacecraf t  fa i lure  and 
initiation of recovery  procedures .  If miss ion  
density required two such 24-h-coverage networks,  
then the al ternate  network provided coverage for 
a station outage. 
mately 120 deg a p a r t  in  longitude and within a 
This requirement  was  
Station locations were  approxi- 
band of 35 deg latitude on each s ide of the equator.  
This provided continuous coverage of spacecraf t  
in the ecliptic plane in  most  c a s e s .  
The amount of data processing o r  data com- 
pression activity a t  tracking stations depended 
great ly  on the bandwidth, signal-to-noise quality, 
and reliabil i ty of the ground inters ta t ion commu- 
nications network. The charac te r i s t ics  of ground 
communications facil i t ies dictated that data pro-  
cessing and compress ion  be available a t  tracking 
stations.  Ideally,  to simplify the deep space  s ta -  
tion design and reducing station cos ts ,  i t  was  
desirable  to t ransmi t  the baseband data direct ly  
f rom the rece iver  to a cent ra l  facil i ty where  the 
data would be detected and /o r  formatted for  local  
use.  This required a rel iable ,  continuously avai l -  
able ,  wideband ( < 2  MHz) duplex channel between 
the control  cen ter  and each station. The situation 
required that a cer ta in  amount of data processing 
and compress ion  f o r  tracking data formatting, 
te lemetry bit and word detection, and command 
formatting be used a t  the stations.  The ground 
communication sys t em could make use  of a com- 
mon c a r r i e r  to convey this mater ia l  to the s ta t ions,  
but i t  was  m o r e  economical,  when standard com- 
munication circui ts  were  required for  severa l  net-  
works ,  to have a centralized agency; NASCOM 
provided this se rv ice .  
provided high-speed data l ines (2400 b i t s / s ) ,  
voice, l imited wideband l ines ,  and teletypewriter 
c i rcui ts  via ground or communications satell i te 
faci l i t ies .  
This centralized serv ice  
The control center  (SFOF) provided a cent ra l  
processing sys t em and a r e a s  dedicated to seve ra l  
spacecraf t  miss ion  control  operations.  The con- 
t ro l  center  a l s o  provided the control  function for  
operation of the space communication s ta t ions,  
ground communication faci l i t ies ,  and the control 
center  i tself .  
B. Pioneer  Design ConceDts 
The Pioneer  data sys tem was  developed to 
provide (1) a highly efficient te lemet ry  channel 
compatible with the DSN, ( 2 )  a capability for  the 
DSN to generate  two-way coherent  doppler mea-  
surements  during spacecraf t  tracking, and (3)  an  
ear th-  to- spacecraf t  command capability to control  
the spacecraf t  subsystems and science payload. 
1 .  Spacecraft  radio frequency subsystem. 
The radio frequency subsystem included three 
antennas (one high-gain and two omnidirectional) ,  
a t ransmi t te r  dr iver ,  two redundant traveling 
wave tube (TWT) power ampl i f ie rs ,  two redundant 
rece ivers ,  coaxial  switches,  f i l t e rs ,  and diplexers .  
Switch position was  controlled by ground command. 
The beam of each  of the antennas was  axially sym-  
met r ica l  with the spacecraf t  spin ax is ,  which was  
perpendicular to the ecliptic plane. 
width of the omnidirectional,  o r  low-gain, antenna 
was  110 deg, and the beamwidth of the high-gain 
antenna was  5 deg. 
The beam-  
The power output of the spacecraf t  t rans-  
mit ter  exci ter  was  44 W and could be switched by 
ground command to the low-gain antenna or used 
a s  a dr iver  f o r  the two TWT power amplif iers .  
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Each amplif ier  had a power output of approxi- 
mately 7.  7 W and could be turned on or off or 
switched to e i ther  the low- or the high-gain an-  
tenna by ground command. 
tor  was modulated by a 2048-Hz squarewave sub- 
c a r r i e r  as par t  of a PCM/PSK/PM telemetry 
s ys tem. 
The auxiliary osci l la-  
The spacecraf t  had two partially redundant 
(redundancy limited by the antenna configurations) 
phase-lock rece ivers .  Each  operated on a differ-  
ent frequency and was powered a t  all t imes ;  the 
desired rece iver  was  thus selected by the f r e -  
quency of the ground t ransmi t te r .  
2.  Spacecraf t  command subsystem. The 
command subsystem consisted of two redundant 
decoders  and a command distribution unit (CDU). 
The input signal to both decoders  was  the demod- 
ulated signal f r o m  ei ther  of the spacecraf t  r e -  
ce ivers .  
command a d d r e s s .  
The desired decoder was  selected by 
The command message  was  a 23-bit  word 
a r ranged  in  the following order :  
(1)  5 bi ts ,  preamble.  
(2)  3 bi ts ,  decoder a d d r e s s .  
(3)  7 bi ts ,  command complement. 
(4)  7 bi ts ,  command. 
( 5 )  1 bit ,  post-squelch. 
The command and command complement were  
compared within the decoder on a bit-by-bit  bas i s ,  
and the command-execute signal f r o m  the decoder 
was  inhibited when e r r o r s  occurred.  The ones 
and zeros  within the message  w e r e  represented by 
two audio tones. 
modulated by these tones a t  the ra te  of 1 b i t / s .  
3. Spacecraft  te lemetry subsystem. The 
The command c a r r i e r  was  phase- 
generation of timing and s ta tus  s ignals ,  analog-to- 
digital conversion, data re t r ieva l  and processing 
for  te lemetry,  and data s torage on the spacecraf t  
was  accomplished by the digital te lemetry unit 
(DTU), the signal conditioner, and the data s torage 
unit (DSU). 
The output of the DTU was  a 2048-Hz square-  
wave which was  biphase-modulated with the t ime-  
multiplexed PCM bit  t ra in  using a non- re turn-  to- 
ze ro -mark  format .  This squarewave phase- 
modulated the t ransmit ted c a r r i e r  i n  all modes of 
opera tion. 
The DSU had a capacity of 15,232 bi ts .  Read- 
out f rom the memory  unit was destructive and, 
once init iated,  could not be temporar i lyinterrupted 
by ground command without destroying the r e -  
maining data i n  the unit. Fu r the rmore ,  the unit 
had to be c leared  of any data s tored  there ,  e i ther  
by ground command or by readout of s tored data,  
before a new storage cycle was  begun. 
By ground command, one of four operating 
modes and one of five bi t  ra tes  could be selected 
for  operation of the DTU. The operating modes 
were  (1)  r e a l  t ime,  ( 2 )  t e lemet ry  s tore ,  (3 )  duty 
cycle s tore ,  and (4) memory  readout.  The bit 
ra tes  were  512, 256, 64, 16, and 8 b i t s / s .  
Data quality for  Pioneer  VI11 was  determined 
by the e r r o r - r a t e  printout on the engineering data. 
In addition, ARC kept plots of e r r o r - r a t e  printout 
values.  An e r r o r - r a t e  printout of 0 .  116 c o r r e -  
sponded to one e r r o r  in 1000 bits of information 
and was  used a s  a c r i te r ion  f o r  good data.  (If the 
parity e r r o r  ra te  was  not less  than this value,  the 
bit  ra te  was  dropped to the next lower value. ) 
P r i m a r y  in te res t  was  in data for  the t ime interval  
beginning 3 h pr ior  to the t ime of maximum space-  
c raf t  elevation and extending until 3 h a f te r .  Some 
passes  terminated more  than 3 h before the space-  
c raf t  reached maximum elevation, and parity 
e r r o r  ra tes  w e r e  calculated f r o m  such data as 
were available. 
Varying amounts of data w e r e  lost or degraded 
in  locking the receiver  in a two-way mode on each 
pass ;  the amount var ied because of the round-tr ip  
light t ime (RTLT) ,  which increased a s  the space-  
c raf t ' s  distance f rom ear th  increased.  
acquisit ion t ime a l so  contributed a small  portion 
of lost  or bad (degraded) me t r i c  data. Receiver 
lock was  essent ia l  for  good data recovery.  
Spacecraft  
In the rea l - t ime mode, the information was  
t ransmit ted direct ly  in  the fo rma t  and bit  ra te  
selected.  In the te lemetry-s tore  mode, data w e r e  
s tored and t ransmit ted simultaneously in  the s e -  
lected format  and bi t  ra te .  In the duty-cycle-s tore  
mode, data were  s tored intermittently i n  groups of 
224 bi ts  each a t  a ra te  of 512 b i t s / s .  
between groups s tored could be selected by ground 
command to provide par t ia l  data coverage for  
periods up to 19 h.  
provided the capability for  re t r ieving the data 
s tored.  When readout was complete,  the DTU 
reverted automatically to the rea l - t ime mode i n  
the format  and a t  the bit  ra te  in  use pr ior  to the 
r ead out. 
The period 
The memory-readout  mode 
The spacecraf t  data word was  composed of 7 
bits .  The f i r s t  6 bits  t ransmit ted were  general ly  
information and the seventh indicated par i ty .  
par i ty  was employed by sampling the f i r s t ,  third,  
and fifth bi ts .  
Odd 
4. Mi s si on - depend en t g r ound e qui pme nt . 
This equipment consisted of a demodulator/  
synchronizer ,  a command encoder ,  and a com- 
puter buffer. 
station to: 
A DSN computer was  used a t  the 
Provide selected te lemetry data for  te le-  
type t ransmission to the SFOF. 
Monitor the engineering data f o r  out-of- 
l imit  occurrences.  
Provide computer typewriter printout of 
selected data.  
Display selected spacecraf t  pa rame te r s  
a s  required.  
Transmi t  command messages  on 
instructions f r o m  the SFOF. 
Check command messages  f o r  validity 
before  t ransmission.  
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( 7 )  Verify that commands w e r e  being 
transmitted correct ly .  
Maintain a command accountability l is t .  
The complete data s t r e a m  was  recorded on mag- 
netic tape fo r  subsequent data processing and 
ana 1 y s i s . 
( 8 )  
C. Extended Flight Phase Support Requirements 
The Major elements of the DSN, configured to 
support the Pioneer VI11 mission,  w e r e  (1) the 
DSIF, ( 2 )  the SFOF, and (3) the GCF. 
1.  The DSIF. The DSIF compr i se s  the Deep 
Space Stations. The function of these stations was 
to obtain angular position, doppler,  and te lemetry 
data f rom the Pioneer VI11 spacecraf t  during the 
postinjection phase of the mission.  Data obtained 
by the Deep Space Stations w e r e  to be transmitted 
to the SFOF in r e a l  t ime via teletype circui ts .  In 
addition, the same  data w e r e  to be recorded on 
magnetic tape a t  each Deep Space Station and 
dispatched to J P L  by a i r  service.  
2 .  The SFOF. The SFOF is a flexible 
facility i n  which a r e a s  and hardware can be s e t  up 
and re-s t ructured as required to m e e t  the needs 
of various projects.  
3. The GCF. The GCF is the means by 
which the Deep Space Stations communicate with 
the SFOF. 
as on-site communications and an overall  opera-  
tional communications complex fo r  flight project  
support. Communications responsibil i t ies fo r  the 
Pioneer Project  include controlling , operating , 
and maintaining a l l  c i r cu i t s ,  switching, and t e r -  
minal equipment committed to Pioneer .  
The GCF provides interfacil i ty as wel l  
Goddard 
Space Flight Center (GSFC) is responsible for  
technical control of a l l  NASCOM circui ts  used by 
the DSN. 
of the communication network. ) In fulfillment of 
the responsibility for  technical control,  the GSFC 
informs J P L  of the availability and condition of 
a l ternate  c i rcui ts  during periods of u se ,  but does 
not pe r fo rm the actual switching without p r io r  ap-  
proval of J P L ,  which has  responsibility fo r  m i s -  
sion control of the NASCOM circui ts  used by the 
DSN. Mission control,  by contrast ,  means the 
determination of what traffic will flow, when and 
to  what points this traffic will flow, and on what 
c i rcui ts  the flow will occur.  
D. 
(Technical control includes maintenance 
Advanced Antenna System Faci l i ty  Description 
The 64-m-diam advanced antenna sys t em 
(AAS) at  Goldstone, Calif.,  increased the DSN 
range two and a half t imes.  The  improved capabil- 
i typrovided s ix  and a half t imes m o r e  transmitt ing 
power and receiving sensitivity for the DSN than 
was available with 26-m-diam antennas. 
antennas had a gain of approximately 60 dB  in 
t ransmit t ing and 62 dB in receiving. 
antennas had a gain of 51 dB transmit t ing and 53 
d B  receiving. 
and 0.35 deg for 26-m antennas. 
sion of communication distances i n  space o r  acqui- 
si t ion of m o r e  data f r o m  spacecraf t  a t  sho r t e r  
ranges.  
complex equipment on the ground, l e s s  complex 
and m o r e  reliable communication equipment could 
be ca r r i ed  by spacecraft .  The 64-m antenna, a 
parabolic ref lector  with an  azimuth-elevation 
mount, had a specified lifetime of 1 0  y r  and an 
expected lifetime of 20 to 50 y r .  
operation 24 h a day, 364 days a y e a r .  However, 
a s  previously mentioned, the 64 - m  - diam antenna 
was  not used to t rack Pioneer VIII. 
The 64-m 
The 26-m 
The  beamwidth was 0. 1 deg a t M a r s  
The added capability permitted either exten- 
Because the new station had m o r e  of the 
It was capable of 
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111. SCIENTIFIC EVENTS AND MEASUREMENTS 
A. SDecial Coverage 
Special coverage was given Pioneer  space-  
c raf t  during occultations and syzygyies;  analyses  
of so la r  events were made ,  and investigations were  
made of magnetosheath and bow shock. During a 
so la r  event of high scientific value,  continuous 
tracking coverage for 30 to 50 h following the event 
was  required f o r  Pioneer  spacecraf t .  
upon the location and charac te r i s t ics  of a specific 
event, coverage was  shared by the Pioneers  a s  
determined by the Pioneer  Pro jec t  a t  the t ime of 
the event. F o r  magnetosheath and bow shock, on- 
board plasma and magnetometer  instruments  had 
to be operating, and the resul tant  scientific data 
had to be received by launch plus 3 to 3 1 / 2  h o r  
8 to 10 ear th  radii  altitude. 
Dependent 
The seven scientific instruments  that make up 
the scientific payload for  Pioneer  VI11 a r e  a s  
follows: two cosmic  ray  detectors ,  two plasma 
detectors ,  a magnetometer  and a radio propagation 
instrument;  one additional experiment  requi res  no 
special  instruments  aboard the spacecraf t .  
payload accounts f o r  approximately 2570 of the total 
Pioneer  VI11 weight.  
the instruments  (with one plasma detector operat-  
ing i n  i t s  low-power mode) is 9 W .  
doubles when the plasma detector  operates  in  the 
high-power mode, bringing the overal l  power con- 
sumption of the instruments  to 3570 of the total 
spacec raf t  requirement  . 
The instruments  covered approximately 
0 .  18 m 2  of the spacecraf t  platform. 
mately 7270 of the te lemetry data were  allocated 
direct ly  to the scientific instruments  when tele- 
meter ing in  the scientific data mode.  
was used throughout the miss ion  except for  r a r e  
occasions.  
capability was allocated direct ly  to the scientific 
instruments  f o r  controlling the operating 
conditions. 
The 
The power consumption for  
This level 
Approxi- 
This mode 
Approximately 3370 of the command 
Power to the scientific instruments  was  sup- 
plied direct ly  f r o m  the spacecraf t  p r imary  bus.  
Each  instrument ,  therefore ,  had i t s  own con- 
v e r t e r .  Power to a l l  inst ruments  was  turned off 
by a single ground command. 
could be turned on individually by ground 
command. 
Each  instrument  
E. Experiments  
The experiments ,  managers ,  and principal 
investigators are listed i n  Table 2. 
1. Celest ia l  mechanics investigation ( JPL) .  
The three p r imary  objectives of the Pioneer  
celest ia l  mechanics experiment  (PCME) were :  
Obtain p r imary  determinations of the 
m a s s e s  of the e a r t h  and moon and the 
astronomical  unit. 
Use the tracking data f r o m  the whole 
s e r i e s  of Pioneer probes in  a program 
designed to improve the ephemeris  of 
the ear th .  
(3)  Investigate the possibility of a tes t  of 
genera l  relativist ic mechanics with the 
Pioneer  orbi ts .  
The experiment  did not requi re  special  on- 
board instrumentation. It made use of the on- 
board rece iver  and t ransmi t te r  equipment in con- 
junction with DSS equipment to obtain two-way 
doppler measurements .  Pioneer  data were  appro-  
pr ia te  for  this experiment  because of the absence 
of midcourse orbi t  correct ions and near-planetary 
encounters.  In addition, solar-radiat ion p res su re  
effects were  sl ight for  the Pioneer  configuration. 
2 .  Cosmic ray telescope (University of 
Chicago). 
protons and alpha par t ic les ,  and electron energy 
over a limited range,  as  well as particle anisot-  
ropy, were  measured  by this instrument .  It had 
three sol id-s ta te  l i thium-drift  detectors ,  a plastic 
scinti l lator cylinder designed to exclude par t ic les  
not confined to the telescope angle of 60 deg, a 
photomultiplier tube, and associated electronics .  
Proton and alpha particle energy spec t ra  measu re -  
ment  was divided into these four  energy windows: 
(1)  0 .6 -13  MeV per  nucleon; ( 2 )  13-70 MeV per  
nucleon; (3)  70-190 MeV per  nucleon; and (4) 
grea te r  than 190 MeV per  nucleon. 
e lectron energy  spec t ra  was l imited to the energy 
windows of 0.16-1 and 1-20 MeV per  nucleon. 
The intensity and energy spec t ra  of 
Detection of 
3. Cosmic r ay  anisotropydetector  (Southwest 
Center for  Advanced Studies). The anisotropy of 
low-energy p r imary  and so lar  cosmic radiation 
and i t s  variation with energy, t ime,  and nuclear 
species  were  measured .  
pr ised a scinti l lator c rys ta l ,  a n  anticoincidence 
scint i l la tor ,  two photomultiplier tubes,  and a s s o -  
ciated electronics .  The acceptance cone for  the 
detector was  107  deg. Energy window discr imina-  
tion was  achieved by means of a four-channel,  on- 
board , puls e -height analyze r . 
The instrument  com-  
4. P lasma CUD detector (Massachuset ts  
Institute of Technology). A detector  that used a 
Faradav  CUD with an  energv-determining gr id ,  a 
Y l  II 
spli t  col lector ,  and associated electronics  made 
up this instrument .  The viewing angle was  * 2 0  
deg i n  the plane perpendicular to the spacecraf t  
spin axis  and *60 deg in  the plane paral le l  to the 
spin ax is .  Measured were  the energy spec t rum,  
flux, and angular  distribution of both positive ions 
and electrons of the interplanetary plasma. 
The energy per  unit charge of the positive ions 
was  determined in  14 intervals  extending f rom 
0 .  1 to 9 .  5 kV; the energy of the electrons in  four  
energy bands extending f rom 0 . 1  to 1. 6 keV; and 
the flux sensit ivity range f r o m  2 X IO5 to 2 X IO9 
part ic les  per  cm2/s. 
5 .  Quadrispherical  plasma analyses  (ARC). 
This instrument ,  like the p lasma cup detector ,  
measured  the energy spec t rum,  flux, and angular  
distribution of both positive ions and electrons of 
the interplanetary plasma.  The instantaneous 
viewing angle was  approximately 15 deg in  the 
plane perpendicular to the spacecraf t  spin axis o r  
equatorial  plane,  and *80 deg i n  the plane para l le l  
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to the spin axis .  
channels symmet r i ca l  about the equatorial  plane 
and with widths, s tar t ing a t  the equatorial  plane, 
of 15, 1 5 ,  2 0 ,  and 30 deg. 
The la t ter  was divided into eight 
The energy per  unit charge of the positive 
ions was determined in 16 logarithmically spaced 
bands extending f r o m  0 . 2  to 10 kV; the energy of 
the electrons in 8 logarithmically spaced bands 
extending f rom 0.  002 to 0 .  5 kV; and the flux sensi  
tivity f rom 105 to 109 par t ic les  per  cmZ/s .  
Besides a quadrispherical  e lectrostat ic  ana-  
lyzer ,  8 separate  and contiguous cur ren t  collec- 
to rs  provided 8 sec tors  and associated electronics .  
The cur ren t  or flux measurement  was expressed 
a s  a 7-bit  word and, together with other informa- 
tion identifying energy levels (posit ive or negative 
par t ic les ,  col lector ,  and equatorial  interval) ,  was 
s tored in a core  memory.  
corded data concurrently with telemetering data. 
The instrument  r e -  
6 .  Magnetometer (GSFC). The magnetom- 
e t e r ,  with a range of *64y, sequentially measured 
the magnitude of the three orthogonal components 
of the interplanetary magnetic field.  
four different data recording sequences,  the ins t ru-  
ment  had a single flux gate sensor  and associated 
electronics .  A mechanical f l ip mechanism, which 
rotated the sensor  through 180 deg, permitted 
detection and elimination of permanent magnet- 
ization of the c o r e .  
22 sinal1 squibs grouped in  pa i r s  for  redundancy. 
Each pair  of squibs was activated by ground 
command. 
Capable of 
The fl ip mechanism contained 
7. Radio propagation (Stanford University). 
This experiment involved the t ransmission of two 
modulated coherent c a r r i e r s  of approximately 
49. 8 and 423.3 MHz f r o m  the ground and the 
reception of these signals by rece ivers  aboard the 
spacecraf t .  The rece ivers  w e r e  designed to mea-  
s u r e  the relative phase of the modulation envelopes 
of the two c a r r i e r  frequencies which, since the 
higher frequency was  relatively unaffected by the 
presence of ionization, provided a value for  the 
integrated electron density. In addition, the ra te  
of change of phase of one c a r r i e r  with respec t  to 
the other was measu red ,  thus accurately determin-  
ing the t ime variation of the integrated electron 
density. Signal strength was a l s o  measured.  
Instrumentation comprised two ground-based 
t ransmi t te rs  operating into a 46-m-diam para-  
bolic antenna located on the Stanford University 
campus, a dual-channel, phase-locked-loop 
receiver  aboard the space craf t ,  the spacecraf t  
te lemetry,  and the DSN. All elements  of the sys-  
t em operated simultaneously to provide closed 
loop operation. 
In addition to the objectives described above, 
VI11 had the following specific objectives: 
Magnetosheath and bow shock definition. 
To perform this investigation, the 
Pioneer VI11 plasma and magnetometer 
on-board instruments  had to be operat-  
ing,  and the resul tant  scientific data 
received by launch plus 3 to 3 . 5  h (or  8 
to 10 ear th  radii  al t i tude).  Pioneer VI11 
performed analysis  of the magnetosheath 
of the ear th  through December 15 ,  1967. 
Geomagnetospheric tail  analysis .  To 
perform this investigation, the Pioneer 
VI11 flight mission required 24-h con- 
tinuous tracking coverage f rom syzygy 
minus 5 days to syzygy plus 15 days.  
Pioneer VI11 successfully completed this 
investigation on Februa ry  2, 1968. 
Solar event analysis .  
event of high scientific value (i. e .  , 
so lar  f la re ,  Class  I11 or  above) occurred,  
dependent upon location and charac te r i s -  
t ics of the specific event,  Pioneer VI11 
shared in  i t s  coverage. The Pro jec t  
r e  qui r emen t  was continuous tracking 
coverage f r o m  30 to 50 h following the 
event. 
When a so la r  
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I. SUPPORT SUMMARY 
A. Introduction 
1. Spacecraft  position. The Pioneer VI11 
spacecraf t  was being tracked by the DSN a t  
30, 720, 000 km f r o m  the ea r th  and 162,620, 000 km 
f rom the sun when this report  period began 
(June 1, 1968). At the close of the r epor t  period 
(June 30, 1969), the spacecraf t  was being sup- 
ported by the DSN at 88, 100, 000 km f rom the 
ea r th  and 162, 770, 000 km f rom the sun. 
2. Solar events investigated. P ionee r s  VI, 
VU, VIII, and IX were utilized in the investigation 
and monitoring of s eve ra l  solar  disturbances 
during March and Apr i l  of 1969. Numerous small  
solar  f la res  had occurred  during March and those 
considered capable of becoming major  solar  f la res  
were kept under constant surveil lance.  Ea r th -  
bound obse rve r s  watched closely with radio te le-  
scopes while the data f rom satel l i tes ,  carrying 
cosmic r a y  detectors  (this included the P ioneer  
se r ies ) ,  were carefully monitored. On March 30, 
1969, after the mos t  active of the observed r e -  
gions was behind the west l imb of the sun, the 
largest  10-cm radio bu r s t  ever  recorded by t e r -  
r e s t r i a l  radio telescopes occurred. 
was believed to be in the corona of the region be- 
hind the west l imb of the sun. 
2 h, the ea r th  satel l i tes  and Pioneers  VI, VIII, 
and IX were recording a marked  inc rease  in the 
intensity of low- and high-energy protons. It was 
assumed, f rom these measurements ,  that  a large 
solar  proton f la re  had occurred  on the backside 
of the sun. Meanwhile, neutron monitors on 
ea r th  showed only a slight enhancement with grad- 
ual onset. 
This bu r s t  
After approximately 
Approximately 1 day la ter ,  cosmic  r a y  de- 
tectors  aboard Pioneer VI1 showed inc reases  in 
intensity. 
the ea r th  satel l i tes  and Pioneers  VIII and IX 
The energy par t ic le  detectors  aboard 
began indicating a reduction in intensit ies in 
approximately 3 days and, by April  5, the read-  
ings f rom detectors  aboard P ioneers  VI  and VI1 
began to subside. 
solar  activity on the visible side of the sun, a s  
recorded by t e r r e s t r i a l  observator ies ,  was a t  a 
low level with only minor  subflares reported.  
Between March 31 and April  9, 
By April  10, the active region that had pro- 
duced the e a r l i e r  proton f lare  was positioned on 
the fa r  side of the sun, approximately 20  deg be- 
hind the eas t  limb. On this date,  i t  again erupted, 
producing a la rge  proton f lare .  
hour, cosmic  r a y  intensit ies recorded by Pioneers  
VI  and VI1 jumped more  than an o rde r  of magni- 
tude, but the i l istruments aboard P ioneers  VIII 
and IX and those on the ea r th  showed essent ia l ly  
no change. 
Within half an 
Figure 2 shows the relative locations of the 
sun,. ear th ,  and Pioneer spacecraft ,  a s  well a s  
the approximate region of the interplanetary m e -  
dium disturbed by the f lare  of April  10 and 12. 
On the la t ter  date,  cosmic r a y  detectors  on the 
ea r th  satel l i tes  indicated large inc reases  in pro-  
ton intensit ies,  and protons began showering into 
the region of the ear th ' s  polar caps.  
severe  polar cap absorption (PCA) was in pro-  
g r e s s  and the geomagnetic field was moderately 
disturbed. Radio communications in the a rc t ic  
regions became virtually impossible for near ly  a 
week a s  the solar  proton s t o r m  ran  i t s  course.  
By April  13, 
A different type of disturbance occurred  
seve ra l  days la te r .  Then, on April  22, a marked  
inc rease  in the velocity of the solar  wind a t  
Pioneer VII was noted. Because the solar  wind 
can be ex t remely  variable,  this was not considered 
significant; however, three days la ter ,  a sha rp  
change was noted in the electr ic  field a t  P ioneer  
VIII. With the t ime difference between these two 
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changes checking with expected co-rotation delay, 
the possible passage of a sector  boundary was in- 
dicated. A geomagnetic s to rm was forecast  for 
April  28. The beginning of this s t o r m  was r e -  
corded on ea r th  within 3 h of the predicted t ime. 
B. Suuuort Pe r fo rmance  
The DSN successfully supported TDA for 
Pioneer VI11 during the reporting period. 
formance of this support  was accomplished en -  
t i r e ly  by the 26-m antenna facil i t ies since Pioneer 
VI11 remained within the acquisition capability of 
these antennas. 
The p e r -  
The 64-m antenna facility a t  
Goldstone, California (DSS 14), was made available 
fo r  supporting of Pioneers  which were beyond the 
l imits of the 26-m antennas' tracking capabilities. 
C. Supporting Stations 
Deep Space Stations that supported Pioneer 
VIII spacecraf t  during the reporting period were 
DSS 11, 12, 42, 51, 61, and 62, a l l  26-m diam 
antenna facil i t ies.  During Janua ry  and Februa ry  
of 1969, Pioneer  VIII was also t racked by stations 
17 and 67 of MSFN. At the close of the reporting 
period, Pioneer  VI11 was sti l l  being supported by 
the 26-n1 diam antenna facilities. 
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11. ENGINEERING AND OPERATIONS 
A. Tracking 
Pioneer  VIII was t racked by the supporting 
stations for a total  of 7110 h and 25 min during 
the period f rom June 1, 1968 to July 1, 1969 
(Passes 172 through 566). 
follows: 
Tracking was as 
Track  period 
June 1968 
July, Aug., 
Sept. 1968 
Oct . ,  Nov.,  
Dec. 1968 
J a n . ,  F e b . ,  
Mar. 1969 
Apr.2 May, 
June 1969 
P a s s e s  
172-201 
202-293 
294-385 
386-475 
476-566 
Total  tracking 
time 
643 h 59 min 
2314h  8 m i n  
1486 h 7 min 
1249 h 15 min 
1416 h 56 min 
B. Significant P rob lems  and Improvements 
Engineering improvements  during the repor t -  
ing period included installation of a second auto- 
coll imator,  the replacement  of the S-band cas se -  
grain ultracone with an S-band multiple frequency 
(SMF) cone, and the development of a means  to  
reduce high noise  in the me t r i c  data.  
Installation of the autocollimator was com- 
pleted during September  1968. 
operated in  the manner  of an optical  t racking de-  
vice by taking a beam of light and generating 
e r r o r  signals. These  e r r o r  signals were fed into 
the antenna servoelectronics ,  moving the antenna 
to  a no -e r ro r  position between the antenna and 
master equatorial .  ) 
(The autocollimator 
The SMF, a l so  installed in September ,  was 
capable of simultaneously t ransmit t ing and re- 
ceiving orthogonally c ross -polar ized  l inear  sig- 
nals  while maintaining a low system-noise  t em-  
perature ,  approximately 22'K (Fig.  3). This  
capabili ty was r e fe r r ed  to as Mode 1. When the 
SMF was in the matched l inear  polarized mode, 
using the diplexer,  the sys tem noise  was approxi- 
mate ly  31°K. 
Mode 2. 
3), but they were  not applicable to  Pioneer  
support. 
This  capability was r e fe r r ed  to a s  
The SMF could use  other modes (Table 
When the source  of high noise in the me t r i c  
data  was diagnosed to be f rom a 1-MHz cleanup 
loop put in for  the P lane tary  Ranging Subsystem 
in June 1968, a 10-Hz s ignal  was developed in the 
subsystem. Th i s  10-Hz signal provided the same  
reference  signals a s  the free-running 20-Hz 
oscil lator with associated mult ipl iers  that  had 
been replaced. However, the P lane tary  Ranging 
Subsystem's  10-Hz signal was referenced to the 
DSS atomic standard.  
During May 1969, tes t s  were  performed on 
the t racking loop bandwidth (2 Bio) to de te rmine  
optimum te lemet ry  threshold.  
numerous receiver  glitches caused by the space-  
c raf t  signal approaching threshold.  
which indicated that 3 Hz was the  optimum band- 
width, were  performed using the Pioneer  s imu- 
la tor  with a 2-Blo of 3, 6, 9, and 12 Hz. On 
P a s s  197 at DSS 12, a test was performed using 
Pioneer  IX data  to confirm the previous test re-  
sul ts  (Fig. 4). 
There  had been 
The tes t s ,  
The tes t ,  commenced in the 12-Hz 2-Blo posi-  
tion, was switched to 6 Hz for  the f i r s t  half of the 
pass ,  and finally switched to 3 Hz for the r e -  
mainder  of the pass .  The b i t - e r r o r  r a t e s  printed 
out eve ry  12 min  were averaged. 
showed a d i rec t  relationship of signal-to-noise 
ra t io  to probabili ty of e r r o r .  
improvement  when the 2 Blo was changed f rom 
12 t o  3 Hz was 1 . 4  dB. When changed from 12 
to  6 Hz, the improvement  was 0. 9 dB, and the 
improvement  f rom 6 to 3 Hz amounted to 0. 5 dB. 
The resu l t s  
The  equivalent 
A major  i r regular i ty  during late 1968, which 
entailed extensive investigation, was the problem 
of occasional spurious interrupts  in the T C P  that 
caused loss  of rea l - t ime data. Because of the 
intermit tent  nature  of the problem, it took m o r e  
than 2 months to isolate  and c o r r e c t  the i r r e g u l a r -  
ity. 
had been caused by t rans ien ts  on the Decoding 
Computer paralleled input (PIN) lines. These  
t ransients  generated excessive noise for the logic 
(one) state on the Operational Process ing  Com- 
puter PIN lines. 
Spurious word par i ty  e r r o r s  on decoded data  
After the problem was isolated,  ARC sent,  
to DSS 14 and all other Pioneer  GOE-equipped 
stations,  Modification 11 for the Computer Buffer. 
Modification 11 changed the t iming on the decoded 
data  clock to the center  of the data  period, which 
t r iggered  the interrupt  to the Operational P r o -  
cess ing  Computer. 
computers  would not address  the buffer 
simultaneously. 
This  change ensured that both 
C. Radio Metr ic  Data Information 
1. Good data t ime. O n  the average,gooddata  
were obtained for  the total tracking t ime covered 
by this  report ing period. 
m e t r i c  data  were  calculated for  the months of 
July through December of 1968: 90.47% for July,  
90. 08% for August, 87. 12% for  September,  88. 02% 
for  October,  86. 37% f o r  November, and 92. 5070 
for  December.  
these  data. 
Percentages of good 
Figures  5 through 10 present  
2. Doppler information 
a. Doppler b ias  (June). Figure 11 i l lus t ra tes  
the observed two-way doppler bias  computed by  
pseudo- res idual  analysis (RESID). The approxi- 
mate doppler bias  value for  th i s  repor t  period 
ranges  f rom - - 1.25 Hz on P a s s  172 to  w -2 .0 Hz 
on Pass 200. 
The gradual  change in the doppler bias in-  
dicates  that  the  s ta te  vector  is being slightly 
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degraded due to the elapsed t ime period when the 
Orbit  Determination P rogram (ODP) was l a s t  up- 
dated in March 1968. 
point indicates that  the station was either tracking 
on Channel 6 o r  in  a one-way mode - DSS 6 1 was 
in a one-way mode after P a s s  187. 
The absence of any data  
b. Two-way doppler 60-s noise (June). F i g -  
u r e  11 shows an est imate  of the 60-s noise com- 
puted by RESID. F r o m  Pass 172 through 187, 
DSS 61 was normally below the expected noise 
level  (0. 010 Hz). After P a s s  187, DSS 61 t racked 
in  a one-way mode due to the utilization of DSS 62 
T C P ;  therefore,  no data points appear in Fig. 11. 
DSS 42 and 11 were normally above the expected 
noise except for a few c a s e s  shown in Fig. It 
should be noted that  the data  points appearing in 
the figure a r e  only est imates  and a r e  used to  
maintain a t rend result ing f rom daily tracking 
activit ies.  
noise passes  is presented in  Tables 12 and 13; 
the tables give a summary  of anomalies dis-  
covered by RESID. 
11. 
The reason for some of these higher 
The higher noise shown in Fig. 11 for Pass 
200 at  DSS 14 can be attributed to  seve ra l  r e -  
solver malfunctions which occurred during this 
pass .  
c.  Doppler 1-s  noise (June). Figure 11 
graphically displays the est imate  of the noise of 
the 1-s doppler by RESID. 
estimated for each station for the 1-s data  r a t e ;  
la ter  computer analysis indicated that,  for P a s s  
181, the noise for  DSS 42 was estimated as  
0. 12 Hz, but the computed value was 0. 0864 Hz. 
Higher noise was 
d. Pseudo-residual  analysis 
Doppler data  bias.  Figures  12, 13, and 14 
i l lustrate  the observed two-way doppler data  bias 
computed by RESID for July,  August, and 
September. 
F o r  July, the approximate doppler bias value 
ranged f rom -2.1 Hz on P a s s  202 to  -3 .23 Hz on 
P a s s  232. The low bias value indicated that the 
s ta te  vector supplied was useful for operational 
DSS predictions. 
Fo r  August, the approximate doppler bias  
ranged f r o m  - -3. 10 Hz on P a s s  233 to  - -4. 1 Hz 
on Pass 263. 
doppler bias indicates that the s ta te  vector is be- 
ing degraded because of the elapsed t ime when the 
ODP was l a s t  updated in  March 1968. 
The gradual higher change in  the 
During September,  an update of the s ta te  
vector was completed and the result was a much 
improved doppler bias after P a s s  285 (Fig. 14). 
The doppler bias  ranges f r o m  -0.2 Hz on P a s s  
285 to t o .  3 Hz on Pass 292 - a considerable im- 
provement over the older doppler bias. 
approximate doppler bias values fo r  the en t i r e  
month range f rom -4. 2 Hz on Pass 265 to -4 .6  on 
P a s s  282. 
The  
Two-way doppler noise, 60 s. An est imate  
of the 60-s doppler noise computed by RESID for 
July i s  given in Fig. 12. DSS 11 and DSS 42 had 
slightly higher noise e s t ima tes  during Passes 202 
through 219. F r o m  P a s s  220 through 232, all 
stations performed on o r  below the estimated 
noise level of 0. 010 Hz with the exception of DSS 
42 on P a s s  226 which had a higher value of 
0. 010 Hz. The calculated Fi t terate  noise indicated 
0. 012 Hz, which substantiates the RESID estimate.  
The magnitude of the noise (0. 012) was only 
slightly higher than estimated. 
Figure 13 shows an est imate  of the 60-s noise 
computed per  pas s  by RESID in August. In a lmost  
every case ,  the noise received at the stations was 
a t  o r  below the nominal estimate.  On P a s s  252 
at  DSS 12, the actual  noise received was estimated 
to be slightly above that expected (i. e . ,  0. 010 Hz 
with resolver) .  
The other c a s e  where the actual noise was higher 
than expected was on P a s s  262 at DSS 51. It was 
observed at  the station that, at 12-cycle loop 
bandwidth, a poor threshold was obtained, which 
could lead to a poor signal s t rength throughout 
track. The higher noise received may  have been 
a resul t  of this condition. In addition, DSS 51 
was tracking Pioneer  VIII without the polar izer ,  
which accounts for  - a 3-dB loss.  
The reason was not explained. 
The high noise  indicated for DSS 12 during 
P a s s e s  267 to 269 in September ( F i g .  14) was a 
r e su l t  of a s e r i e s  of blunder points found in  the 
station’s noise data.  
termined for the unusually high number of blunder 
points detected. 
(Model 5B) of the RESID software p rogram was 
effected after Pass 281. 
Hz) computed for all stations m a y  have been the 
r e su l t  of the RESID p rogram change. 
N o  specific reason was de- 
A change to  a newer vers ion 
The higher noise (0. 013 
Two-way doppler noise, 1 s .  An est imate  of 
the July 1-s doppler noise, which was taken at 
the Meridian c ros s ing  (358 deg through 1 deg) for 
approximately 12 min in  a two-way coherent mode, 
is shown in Fig. 12. The 1 - s  data  were taken 
weekly, accounting for the few data  points during 
P a s s e s  202 and 232. All the data  points a r e  in- 
dicated above the expected nominal value of 
0. 010 Hz. Calculated values indicate that these 
est imates  are too high and the actual values in-  
dicate that the doppler noise is c lose r  t o  0. 09 Hz. 
Figure 13 displays the est imate  of the noise 
of the I - s  doppler by RESID during August. 
noise was est imated for  each station for the 1-s  
data  rate, but later computer analysis indicated 
that these est imates  were much too high. 
example, Fig. 13 indicates that, for Pass 237, the 
noise for  DSS 12 was estimated as  0. 17 Hz, but 
the computed value was 0. 081 Hz; similar values 
computed are l is ted on the next pages. The dif- 
ference in  values indicates the difficulty in es t i -  
mating RESID 1-s doppler noise. As noted, the 
est imates  are determined through visual inspec- 
tion and a r e  subject to overestimations.  
Higher 
F o r  
F o r  September,  Fig. 14 shows an estimate 
of the I - s  doppler noise computed by RESID for 
Pioneer  VIII. The  I-s data  were  taken at 
Meridian crossing (358 deg 5 Hz 5 001 deg) for 
- 12 min  in a two-way coherent mode. 
data  were  taken weekly; this accounts for the few 
data  points that  appear.  
m a t e s  are indicated above the nominal value of 
0. 100 Hz. The calculated Fitterate values sug- 
gest  that the doppler noise i s  c lose r  t o  0. 10 Hz. 
The  1-s 
All of the noise es t i -  
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e. Pseudo-residual  analysis 
Doppler data  bias. Figures  15, 16, and 17 
i l lustrate  the observed two-way doppler data  bias 
computed by RESID for October,  November, and 
December.  
Fo r  October, the doppler bias was v e r y  low 
for all stations.  The doppler bias change r a t e  
indicates that DSS 62 bias was increasing a t  a 
f a s t e r  rate than a t  other stations. 
Fo r  November, the doppler bias change r a t e  
indicates that the average doppler bias for the 
month was 1. 0 Hz. 
During December,  the doppler bias change 
r a t e  indicates that  the average data  bias for a l l  
stations was approximately t2 .  0 Hz. 
Two-way doppler noise, 1-min sample rate .  
Two d i s -  
Those passes  in  which 
Figure 18 shows an est imate  of the 1-min doppler 
noise computed by RESID for October. 
t inct  models were  used to compute the noise,  
Model 5B and Model 6B. 
the noise was calculated using Model 5B (the older 
vers ion)  are indexed by a number (1). 
Figure 18 indicates that  the noise was higher 
when using Model 5B. 
noise resul ts  f r o m  both p rograms  m a y  be derived 
from DSS 62, P a s s  302 data. The  noise es t imate  
for those pas ses  using the Model 5B was 0. 015 Hz. 
The noise es t imate  for the p a s s  using Model 6B 
was 0.008 Hz, 0. 007 Hz below that of Model 5B. 
A comparison of the data 
Figures  19 and 20 show an est imate  of the 
1-min doppler noise computed by RESID for  
November and December.  
Two-way doppler noise,  1-s.  Figures 21, 22, 
and 23 show an est imate  of the 1-s  doppler noise 
computed by RESID for October, November, and 
December.  The  1 - s  data were taken at  meridian 
crossing (where the spacecraf t  hour angle t r a n s -  
ve r sed  between 358 and 001 deg) for  - 12 min  in a 
two-way coherent mode. The 1-s  data  were taken 
weekly, which accounts for the few data points 
during this r epor t  period. 
m a t e s  are indicated above the nominal value of 
0. 100 Hz. The calculated Fi t terate  values in-  
dicate that these est imates  are too high and the 
actual values suggest that  the doppler noise is 
c lose r  t o  0. 10 Hz. 
All of the noise esti- 
f. RESID analysis.  The estimated doppler 
bias and noise computed by RESID during Janua ry  
were derived f r o m  the doppler bias (Fig. 24); 
RESID 1-min two-way doppler noise  (F ig .  25); 
RESID 1-s two-way doppler noise (Fig. 26); and 
the NAT Summary  Log. 
The doppler bias (Fig. 24), ranged f r o m  
t o .  88 to to. 50 Hz. 
the s ta te  vector was adequate for  operational 
predictions. 
This low value indicated that 
In F i g .  25, the doppler noise estimation was 
below nominal. On Pass 393, DSS 42 switched to 
Rubidium 2 .  On P a s s  394, RESID indicated that 
the noise level was 0. 011 Hz;  consequently, the 
suspected higher noise was investigated using a 
computer p rogram called Fi t terate .  
a r e  discussed under Fi t terate  Analysis. 
The r e su l t s  
In Fig .  26, a l l  RESID estimations appear 
above nominal. 
was attempted and the resul ts  are discussed under 
Fi t terate  Analysis. 
An investigation of these pas ses  
The Februa ry  estimated doppler bias and 
noise computed by RESID are il lustrated in  
Figs.  27 through 29. 
Figure 27 shows the estimated doppler bias 
range of the decibels from -0.  20 to -0.  15 Hz. 
This  low value indicated that the s ta te  vector was 
adequate for operational predictions. 
In Fig .  28, the 1-min two-way doppler noise 
U, RESID, indicated that all estimated u were be-  
low nominal (0. 013 Hz). This was verified by 
checking selected Fi t terate  output resul ts  (see 
Fi t terate  Analysis, Section 11-C. 3). 
The  March  estimated doppler bias and noise 
computed by RESID a r e  i l lustrated in  Figs.  30 
through 32. 
Figure 30 shows the range of the doppler bias 
f rom -0. 20 to -0.  14 Hz. This  low value indicated 
that the s ta te  vector was adequate for operational 
predictions. 
Since i t s  launch on December 13, 1967, the 
Pioneer VI11 spacecraf t  has  been tracked by the 
Deep Space Stations for r ea l - t ime  tracking and 
t e l eme t ry  coverage. During April ,  May, and 
June the spacecraf t  was t racked by the following 
stations:  DSS 11, 12, 14, 42, 51, 61, and 62. 
The approximate signal strength ranged from 
- 159. 6 to - 162. 5 dBm. 
g. Analysis. The estimated doppler bias and 
noise computed by RESID during April  a r e  i l lus-  
t r a t ed  in Figs .  33 through 35. 
Figure 33 shows the range of the doppler bias 
f rom -0.  09 to  -0. 02 Hz, indicating that the state 
vector was adequate for operational predictions. 
Figure 34 provides the monthly RESID sum- 
m a r y  of the 1-min two-way doppler. The est i -  
ma tes  were at, o r  below, nominal (0. 013 Hz) with 
the exception of Pass 500 at DSS 12. 
noise es t imate  on P a s s  500 i s  unresolved due to  a 
lack of da t a  supplied by the DSN monitor. 
data folder was destroyed p r i o r  to the 60-day 
s torage limit. 
The higher 
The 
A portion of P a s s  491 at DSS 12 is shown in 
Fig. 36. The  figure and TTY listing indicate a 
blunder point at 024102 of a magnitude of 43. 14Hz. 
However, fur ther  analysis of the data was made 
using the non-real-t ime Difference P rogram.  The 
non-real- t ime Difference P r o g r a m  indicated that 
t he re  was no blunder point in the station data and 
that the data were normal. 
the RESID P r o g r a m  had caused this erroneous 
printout in  the real- t ime RESID output. 
of p rog ram fai lure  has  been noted before, and 
appears  to occur  nea r  the end of t r ack  (EOT), i. e.,  
p r io r  to the spacecraf t  set time in the predictions. 
The predictions a r e  made  at 10-min sample rates 
An apparent failure in  
This  type 
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for  RESID operations. The RESID program uses  
four of these predicted data points in a four-point 
Lagrange interpolation formula to calculate the 
doppler bias. 
t ems  Data Analysis (SDA) Group i s  needed in 
o rde r  to resolve this  problem. 
Fur the r  investigation by the Sys-  
Figure 37 ( P a s s  499 at  DSS 61) i l lustrates  an 
abnormal jump in doppler bias which s tar ted a t  
1800 GMT. 
mately -0. 150 Hz until 1800. The doppler bias 
shifted off scale (High = HHH) and (Low = LLL) 
and finally returned to a normal  value at  1822. 
No indication of the abnormality cause  was found. 
The average doppler bias was approxi- 
Figure 35 indicates that  the estimated 1 - s  
noise was below normal.  P a s s  496 a t  DSS 12 in-  
dicated a slightly higher noise. 
analysis was made on DSS 12 data due to Phase  I 
monitor operation. 
No Fi t terate  
Figure 38 for May shows the range of the 
doppler bias f rom -0. 20 to -0. 14 Hz, indicating 
that the s ta te  vector was adequate for operational 
predictions. 
Figure 39 provides the May RESID summary  
of the 1-min two-way doppler. 
were below nominal (0. 013 Hz) with the exception 
of P a s s  508 a t  DSS 42, P a s s  523 a t  DSS 12, and 
P a s s  530 a t  DSS 51. An analysis of these pas ses  
did not reveal  the reason  for the higher noise. 
The est imates  
During June, the doppler bias ranged f rom 
approximately -0. 10 to -0.  070 Hz, a s  i l lustrated 
in Fig. 40. The low bias t rend indicates that  the 
s ta te  vector supplied was useful for operational 
DSS predictions during this interval.  
The estimated doppler noise values for June 
and provided in Fig.  41. 
the estimated nominal in mos t  ca ses .  
The noise was below 
An analysis of Pioneer VIII anomalies during 
June i s  contained in the following l i s t :  
(1) The higher noise noted by DSS 42 on 
P a s s  537 was apparently due to improper  
installation instructions and operation of 
the 3-Hz bandwidth. 
was suspect because of this  use of the 
TDP card,  and should probably be ig- 
nored. 
by returr,ing to the standard configuration 
of a 12-Hz bandwidth on P a s s  539. 
The ent i re  pass  
The site co r rec t ed  the problem 
(2) The higher doppler noise experienced on 
P a s s  541 a t  DSS 12 was due to an in te r -  
mittent Rubidium problem. The noisy 
Rubidium problem occurred  f rom May 30 
to  June 7, 1969. On June 7, 1969, the 
Rubidium was replaced af ter  P a s s  213 of 
Pioneer IX. 
3. Pioneer  F i t te ra te  program.  The Fi t te ra te  
program i s  an SDS 930 computer program which 
p rocesses  TDH data in post- t rack t ime  for pur -  
poses of quality analysis.  F o r  an interval  of legal  
(correct ,  not garbled or distor ted)  printed doppler 
data  with a constant sample interval,  1 - s  doppler 
frequencies a r e  calculated and f i t  by a leas t -  
squares  technique (with polynomial of degree  n, 
where n may range f rom 1 to  9). Residual 
differences between actual data and the curve of 
the least-  squares  polynomial a r e  calculated, then 
the standard deviation about the curve  i s  calcu- 
lated. All res iduals  a r e  tested to see  whether 
they exceed 3. 5u, and if  they do, the cor respond-  
ing points a r e  discarded and a new curve f i t  to 
the remaining data.  This process  i s  repeated 
until a l l  res iduals  for the las t  curve pass  a 3. 5u  
tes t .  
Where data for one pass  need to be processed  
in multiple intervals,  a composite i s  calculated 
according to the weighted root sum square 
for mu1 a:  
n 
r c o m p  = 
where 
a .  = number of points in i interval  
U. = standard deviation for the final curve for 
the ith interval  
n = number of intervals  for the pass  
a. June. A l i s t  of the F i t te ra te  runs made 
for  June is presented in Table 4. 
the 60-s doppler noise a s  computed by Fi t terate  
ve r sus  pass  number. 
suggests that  a l l  noise values were  generally be- 
low their  expected values. RESID resu l t s  might 
not ver i fy  that the noise for a l l  stations was low. 
However, the present  vers ion of the Fi t terate  p ro -  
g ram does not take any resolver  values into 
account. Moreover, as  a l ready noted, the resu l t s  
obtained by RESID a r e  estimated through visual 
inspection. Fi t terate ,  on the other hand, com- 
pute s i t s  resu l t s  mathematically;  consequently 
any sma l l  incongruity between the two programs 
is under standable. 
Figure 42 shows 
Investigation of the plot 
Figure 43 plots the percentage of points 
accepted by a specific Fi t terate  run. The t e r m  
"accepted points" i s  the actual number of points 
used to compute the noise a s  opposed to the total  
number (good and bad) of points on the Inter im 
Monitor P r o g r a m  (IMP) tape. Therefore ,  the 
indicated percentage i s  calculated a s  follows: 
actual points accepted on 3.5 t e s t  
% = total  number of points on IMP tape 
This percentage se rves  a s  an index to the quality 
of the Fi t terate  input run under consideration 
b. July. July Fi t terate  runs a r e  presented 
in  Table 5. 
noise ve r sus  pas s  number a s  computed by 
Fi t terate .  Analysis of the plot indicates that,  in  
a l l  ca ses  except one, the noise values were be- 
low their  expected value of 0. 010 Hz. The case 
where the actual noise magnitude exceeded the 
Figure 44 shows the 60-s doppler 
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expected value for no apparent reason  occurred  
on P a s s  226 a t  DSS 42; however, the magnitude of 
the noise was not too high, namely 0. 012 Hz, o r  
slightly higher than expected. The higher noise 
indicated by RESID f rom P a s s e s  202 through 219 
for DSS 11 and 42 i s  not substantiated by Fi t terate .  
The reason i s  F i t t e r a t e ' s  inability to take into 
account the resolver  values in computing the noise. 
The problem i s  current ly  under study. 
c. August. August Fi t terate  runs a r e  p re -  
sented in Table 6. 
60-s doppler noise ve r sus  pass  number as  com- 
puted by Fi t terate .  
gests  that a l l  noise values were below their  ex- 
pected values. 
Figures  45 shows the two-way 
Investigation of the plot sug- 
d.  September. September Fi t terate  runs a r e  
presented in Table 7. 
doppler noise v e r s u s  pass  number a s  computed 
by Fi t terate .  
nominal o r  0.010 Hz. 
Figure 46 shows the 60-s 
All noises  computed a r e  below 
e. January.  Table 8 presents  the 1-s  and 
the 1-min sample r a t e s  a s  processed  by Fi t terate  
during January. 
Fi t terate  resul ts  indicated that the RESID es t i -  
ma te  (0. 011 Hz) should be n e a r e r  0. 006 Hz; con- 
sequently, the tracking data quality was good. 
On P a s s  393 a t  DSS 51, the Fi t terate  noise was 
0.411 Hz, which was excessive for 1-s  data. N o  
explanation for the excessive higher noise was 
found. 
af ter  P a s s  393, but DSS 51 did not provlde any 
IMP tapes until P a s s  433. The IMP tapes a r e  
used a s  a data input source for Fi t terate .  
On P a s s  394 at  DSS 42, the 
An attempt to run Fi t terate  was made 
f. February .  Table 9 presents  the 1-min 
and 1-s  sample r a t e s  a s  processed  by Fi t terate  
during February.  
On P a s s  428 a t  DSS 42, the RESID Es t imate  
(0. 010 Hz, see Fig.  28) was checked using the 
Fi t terate  program. 
pass  indicates the noise to  be c lose r  to 0. 0055 Hz. 
All Fi t terate  resu l t s  (Table 9 and Fig .  28) indi-  
cate  that the tracking data quality was excellent 
and fa r  below the estimated value. 
The Fi t terate  resul t  for this 
The 1-s data  noise shown in Table 9 indi- 
cates  that  DSS 42 noise es t imates  (RESID, see  
F i g .  29) were much higher than the actual 
Fi t terate  resul ts .  
output, no degradation in tracking data quality 
was noted during this period. 
noise on P a s s  433 remains  unexplained. 
Upon analysis of the Fi t terate  
The slightly higher 
g. March. The March Fi t terate  resu l t s  
shown in Table 10 indicate generally excellent 
tracking data quality below the est imated value. 
Several  data runs a r e  under cu r ren t  investigation 
(see Note 2 in Table 10). On P a s s  473 a t  DSS 61, 
the station suspected a bad sample on the APS 
drive tape which caused the r ece ive r  to drop lock 
for a moment and resulted in  high doppler re- 
siduals (over 3. 5 u). The Fi t terate  data indi- 
cated that the high doppler res iduals  s tar ted a t  
200102 and continued through 201402. 
. 
The 1-s  data noise shown in Table 10 indi- 
cates  that the noise es t imates  (RESID, see Fig.  
32) were slightly higher than the actual Fi t terate  
resul ts .  Upon analysis of the F i t te ra te  output, 
no degradation in tracking data quality was noted 
during this period. The slightly higher noise on 
P a s s  469 was overestimated by RESID. 
h. April.  The Fi t terate  resu l t s  for Apr i l  -
presented in Table 11 indicate generally excellent 
tracking data quality. 
N o  analysis of the Fi t terate  data was made in 
May or  June due to the changeover to  the Phase  I 
monitor operations. 
failures noted during April  were due to the 
Goldstone computer facility equipment fa i lure  and 
not to the IMP tapes submitted by the site. 
u re  47 shows the IMP tape conversion for  
Fi t terate  processing. 
The Fi t terate  data input 
Fig- 
D. Anomalies Related to Telemet ry  Data Losses  
Some instances of data losses  and the anom- 
The P a s s  Chronology con- 
a l ies  that caused them during this report  period 
a r e  singled out here .  
tains additional information. 
On P a s s  509, a t  DSS 42, 20  min  of r e a l -  
t ime te lemetry data were lost  due to a Te leme t ry  
and Command P r o c e s s o r  (TCP)  problem. Re- 
initializing the program corrected the problem 
after sys tem checkout f rom spacecraf t  to 
simulator.  
All  data were lost  for 2 min a t  DSS 61 during 
P a s s  550 because receiver  1 was accidentally out- 
of-lock due to an operator e r r o r .  
The antenna hydraulics stopped, due to an 
intermittent short ,  causing al l  data to be lost  a t  
DSS 61 during P a s s  552 for 4 min. 
Al l  data were  lost  f o r  5 min a t  DSS 61 because 
of an operator e r r o r ,  on P a s s  565. 
E.  R F  Per formance  
Appendix A presents  receiver  signal strengths 
for P a s s e s  172 through 566. 
signal strengths have been plotted in Figs.  48 
through 54 (June-December 1968) to i l lustrate  
character is t ic  trends,  if  any, in the station per- 
formance. 
curves  using c i rcu lar  and l inear polarization a r e  
shown along with actual received downlink signal 
strength to establish the accuracy  of the 
predictions,  
The actual downlink 
The predicted downlink signal strength 
The downlink receiver  signal s t rength i s  r e -  
corded for each pass  by the DSS. The values a r e  
plotted in  Figs.  50 through 52 to i l lustrate  graph- 
ically the charac te r i s t ic  t rends,  if  any, of the in- 
dividual station performances.  The predicted 
downlink signal s t rength curve i s  shown super im-  
posed over the actual downlink signal strength 
values to de te rmine  the accuracy  of the 
predictions. 
Fo r  DSS 11 in July, the actual values a r e  
close to  their  predicted values until P a s s  211, 
Day 192, when the re  was a sudden drop in  the 
signal strengths.  
performed with the polarizer out, which accounted 
for approximately a 3-dB degradation of the signi-  
ficant signal strength values. The signal strength 
values recorded  a t  DSS 42 were ex t remely  good. 
Al l  tracking af ter  Day I92 was 
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As noted, DSS 42 had i ts  polar izer  installed and 
tracked Pioneer  VI11 f rom P a s s  227, Day 208. 
DSS 61 's  July signal strength performance was 
good. 
corded by DSS 12 were e r r a t i c  a t  t imes because 
of severe m a s e r  problems, causing tracking to 
be discontinued on seve ra l  occasions. 
The downlink receiver  strength values r e -  
Figure 51 i l lustrates  that  the August downlink 
signal strength performance at DSS 42 was good. 
The consistency of the performance i s  suggested 
by the small  fluctuation of the data points above 
and below the expected values.  
DSS 12 signal s t rength was e r r a t i c  because of a 
s e r i e s  of problems. 
made i t  extremely difficult t o  obtain a satisfactory 
threshold value during the p re t r ack  calibrations.  
Calibration problems also prevailed at  the t e s t  
t r ansmi t t e r ;  the m a s e r  sys t em also experienced 
complications. 
came  s o  great  that  termination of t r ack  was under- 
taken. On those pas ses  where DSS 12 regular  
tracking was cancelled, DSS 14 performed the 
tracking operations.  In addition, performance of 
the updated Receiver Block 111-C was not s a t i s -  
factory during the f i r s t  half of August. 
resolved i ts  problems a s  i s  evidenced by the much 
improved signal strength values received during 
the second half of the month. 
strength values were recorded for DSS 51, 61, 
and 62. 
The  dispersion of 
Cable calibrations problems 
The  m a s e r  problem at  t imes be- 
DSS 12 
Satisfactory signal 
The downlink signal strength values a r e  plotted 
in F i g .  52, i l lustrating the character is t ic  t rends,  
i f  any, of the individual station performances.  
The predicted downlink signal s t rength curve i s  
shown superimposed over the actual downlink sig- 
nal  strength values to determine the accuracy of 
the predictions. The signal s t rength values p r e -  
sented for DSS 14 were recorded using the 64-m 
antenna. These values,  therefore ,  should be 
approximately 8 dB lower in  magnitude than values 
recorded a t  the 26-m antenna stations. 
As the data points a r e  observed for DSS 12, 
the actual downlink signal s t rength values are 
v e r y  optimal - st ronger  than their  expected values. 
The DSS downlink signal s t rength problems that 
were prevalent in August s eem to have disap- 
peared. On the average, the signal s t rength 
appears  to be approximately 1 dB stronger  than 
predicted (Fig.  5 1). The only value reported for 
DSS 42 was recorded on P a s s  264 and was above 
predicted value. The station t racked the space-  
c ra f t  in the MSFN/DSN hybrid configuration, be- 
ginning with Pass 279. 
MSFN configuration do not constitute any p a r t  of 
this report .  The downlink signal s t rength values 
recorded for all stations except for DSS 12 appear 
t o  lie, a s  a whole, about 1 to 1. 5 dB below the p re -  
dicted values. Beginning with Pass 275, DSS 61 
t racked all pas ses  without the polar izer .  
P a s s e s  t racked in an 
The downlink receiver '  signal s t rength values 
a r e  plotted in F i g s .  52 through 54 to graphically 
i l lustrate  the cha rac t e r i s t i c  t rends,  i f  any, of the 
individual station performances.  The  predicted 
downlink signal strength curve is shown superim- 
posed over the actual  downlink signal s t rength 
values to determine the accuracy of the 
predictions. 
Figure 52 i l lustrates  that the downlink signal 
strength performance was v e r y  good for  DSS 12 in 
1 6  
October. 
received at  the station was s t ronger  than the p r e -  
dicted downlink signal strength by approximately 
1. 0 dB. 
The actual downlink signal strength 
The downlink signal s t rength performance for 
DSS 41, 42, 51, 61, and 62 was nominal. The 
signal s t rength values recorded at these stations 
were within 1 dB  of the expected value. 
the following points should be brought out: 
However, 
(1) F r o m  P a s s  305 to 309 the signal s t rength 
values  for DSS 62 were approximately 
0. 5 dB  better than expected. 
(2) After P a s s  311, the signal s t rength p e r -  
formance became appreciably enhanced. 
DSS 51 and 61 tracked a l l  pas ses  without 
a polar izer .  
( 3 )  
Figure 53 for November points out the follow- 
ing cha rac t e r i s t i c s :  
DSS 12 signal strength performance was 
good. Tracking was performed without 
the polar izer .  
s t ronger  than their  predictions by an 
estimated 1 dB. 
DSS 41 recorded signal strength values 
were approximately 2 dB  below the p r e -  
dictions. Tracking was on a r eco rd -  
only configuration with the polar izer .  
DSS 51 ' s  signal s t rength values were 
1 dB above predictions and al l  tracking 
after P a s s  341 was with the polar izer .  
DSS 42 and 61 t racked (without po la r i ze r )  
the spacecraf t  for  only a few p a s s e s ;  
their  signal strength performance was 
nominal. 
The actual values were 
Figure 54 for December points out the follow- 
ing cha rac t e r i s t i c s  : 
DSS 12 recorded a s  a whole nominal 
values.  Mase r  complications caused de-  
graded signal strengths on P a s s e s  370 
and 373. 
mode on Passes 379 and 380. 
Tracking was in an uncoded 
DSS 41 recorded signal s t rength values 
were 0. 75 dB better than the predictions. 
DSS 42 signal strength performance was 
nominal. Tracking was with polar izer  
after P a s s  365. 
DSS 51  signal strength performance was 
good. 
ings were  above predictions by approxi- 
ma te ly  0. 50 dB. 
The actual signal s t rength r ead -  
DSS 61 t racked v e r y  few t imes,  but the 
signal strength performance was a s  
expected. 
DSS 62 t racked v e r y  few t imes,  but the 
signal strength performance was nominal. 
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F. Telemetry Pe r fo rmance  
1. Par i ty  e r r o r  ra te .  Appendix A and Figs. 
55 through 65 and Tables 12 and 13 present  parity 
e r r o r  r a t e s  and plots for  the reporting period. 
(A par i ty  e r r o r  rate of 0. 116 was equivalent to  
one e r r o r  in 1000 consecutive bits of information 
and was regarded a s  the limiting value for the 
uncoded and convolution-coded unit modes of 
information. ) 
During the f i r s t  qua r t e r  (July, August, 
September 1968), the te lemetry bit r a t e  mode was 
8 b i t s / s .  In general ,  the par i ty  e r r o r  r a t e  was 
0. 000. However, DSS 14 was required to pe r fo rm 
boresights during m o s t  passes .  
r a t e  increased on passes  on which boresights were 
performed. 
The par i ty  e r r o r  
The t e l eme t ry  bit ra te  mode was predomi- 
nantly a t  64 bits/s during June of 1968, but was 
a t  64 and 16 bits/s toward the end of June. The 
parity e r r o r  ra te  values recorded a t  16 bits/s 
were too few to derive any r e a l  meaning; 
consequently, no plot or discussion of the e r r o r  
r a t e s  at 16 b i t s / s  has  been included in this report .  
Investigation of F i g .  55 indicates that  t h ree  par i ty  
e r r o r  r a t e  values seem to be inconsistent with the 
r e s t  of the data points. The values recorded on 
Day 160 a t  DSS 61 and on Day 163 at DSS 11 were 
high because the polar izer  was not used. On Day 
163, DSS 42 experienced a faltering of i ts  re- 
ce ive r ’ s  power supply. 
supply caused s e v e r a l  r ece ive r  glitches. 
a l so  suspected that the power supply failure r e -  
sulted in a loss  of the signal-to-noise ratio,  
thereby increasing the pa r i ty  e r r o r  ra te .  
The faltering of the power 
i t  is 
The par i ty  e r r o r  r a t e s  during July, August, 
and September of 1968, which indicate the quality 
of real- t ime te lemetry,  along with their  applicable 
bit rate modes,  are listed in  Appendix A and dis-  
played in F i g s .  56 through 60 (bit e r r o r  r a t e  = 
PER X 0. 009117). 
Figures  56 and 57 (July) a l so  i l lustrate  that 
all stations recorded below nominal values at the 
t e l eme t ry  bit rate mode of 16 b i t s / s ;  however, 
the values recorded a t  64 b i t s / s  generally were 
high. Tracking at 64 b i t s / s  b i t - r a t e  mode n o r -  
ma l ly  yields a higher par i ty  e r r o r  r a t e  because 
of the spacecraf t  range. 
During August, the bi t - ra te  mode was 16 and 
64 b i t s / s  (Figs.  58 and 59). Again, the pa r i ty  
e r r o r  r a t e s  taken at 64 b i t s / s  were higher than 
those taken at 16 b i t s / s .  
August, the values were exceeding the accepted 
limiting value, P E R  = 0. 116. The  values d i s -  
played for 16 bits/s fall well  within the limiting 
value. The single inconsistent value, where the 
actual par i ty  e r r o r  rate was l a rge r  than 0. 116, 
appeared on Pass 236 at DSS 12. T h e r e  seemed 
t o  be no  specific r eason  fo r  the unusually high- 
par i ty  e r r o r  rate recorded for  DSS 12 on P a s s  
236. 
and it is possible that these complications caused 
the abnormal  rate. 
Towards the end of 
The station did experience several problems 
During September (Fig. 60), all stations re- 
corded below nominal values at the t e l eme t ry  
bi t - ra te  mode of 16 bi ts /s .  
where the pa r i ty  e r r o r  rate obtained was 0. 000, 
On those pas ses  
the value was plotted as 0. 001 because the loga- 
ri thmic paper used for the graph does not permit  
0. 000 ordinate value. 
Because of a degraded signal strength,  a 
par i ty  e r r o r  r a t e  of 0. 145 (slightly higher than 
the limit value of 0. 116) was received by DSS 51 
on P a s s  278. 
The par i ty  e r r o r  r a t e s ,  which indicate the 
quality of real- t ime te lemetry,  along with their  
applicable bi t - ra te  modes,  a r e  displayed in  Fig. 
61 fo r  October. 
In November and December the par i ty  e r r o r  
r a t e s  were nea r  ze ro  ( 0 . 0 0 0 ) ;  therefore ,  plots 
were not submitted. 
Table 12 presents  those pas ses  in October 
with low-parity e r r o r  r a t e s  and Table 13 those 
pas ses  i n  November with high-parity e r r o r  
r a t e s .  
The quality of real- t ime t e l eme t ry  is indi- 
cated by the par i ty  e r r o r  r a t e  printout on the 
Engineering Telemetry printouts. The parity 
e r r o r  r a t e  for Februa ry  i s  displayed i n  Fig .  6.2. 
The t e l eme t ry  bit mode was 16 and 8 bits/s for  
all pas ses  during the reporting period. 
The 8-bits/s mode was a t  DSS 42 on Pass 433. 
The higher par i ty  e r r o r  r a t e  at DSS 42 on P a s s  
433 indicated that, after a data point acquisition 
on both r ece ive r  channels, not enough time was 
allowed at 16 b i t s / s  for the T C P  t o  r e tu rn  to 
approximated par i ty  e r r o r  r a t e  (0. 013) printout 
noticed on other pas ses ,  Therefore,  the space-  
c ra f t  was switched to a lower bi t  rate (8 b i t s / s )  
on the assumption that a problem existed a t  16 
b i t s l s .  
s i t e ;  however, a system temperature  investigation 
is underway at the various sites. 
No  apparent problem was observed at the 
DSS 42 indicates a higher pa r i ty  e r r o r  r a t e  
during this period, apparently due to the lack of 
a polar izer ,  which provides - 2. 9 dB improve- 
ment  in the signal strength. 
in  Fig. 62 were  below the nominal 0. 116 at 16 
b i t s l s .  
sented in  Fig. 63. 
Other s i tes  indicated 
The pa r i ty  e r r o r  r a t e  fo r  March  is p r e -  
Pass 448 at DSS 12 indicated higher (0. 14) 
than no rma l  (0. 116) par i ty  e r r o r  rate. No ex- 
planation for this higher rate is given. The sys -  
t e m  noise  temperature  recorded was 40. 6”K, and 
Receiver 1 threshold was 172 dBm for this t rack.  
The Apri l  pa r i ty  e r r o r  rates, with applicable 
b i t - r a t e  modes,  are graphically displayed in 
Fig. 64. The t e l eme t ry  bit mode was 16 b i t s / s  
for p a s s e s  during the reporting period. 
Passes 487, 488, 489, and 490 at  DSS 42 in-  
dicated a higher (0. 30 to  0.40) than no rma l  (0. 116) 
pa r i ty  e r r o r  (PE) rate. The explanation fo r  this 
higher e r r o r  rate was probably due to  Travel ing 
Wave Mase r  (TWM) 2 being uti l ized while TWM 1 
was switched off for modification. 
t empera tu re  for  TWM 1 was approximately 39”K, 
whereas  TWM 2 was at 47°K. 
The  sys t em 
This  i nc rease  in  
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sys tem tempera ture  apparently was the cause for 
the higher PE  a t  DSS 42. 
the DSS 12 P E  was lower than other DSS during 
this period except for P a s s  483. 
It should be noted that 
Figure 65 shows the May par i ty  e r r o r  rate.  
The te lemetry bit mode was 16 b i t s / s  during the 
reporting period except for P a s s e s  509 and 536 
when the spacecraf t  bit ra te  was switched to 
8 bits 1 s .  
2. DemodITCP in-lock performance. The 
T C P  performance i s  based upon the rat io  of the 
number of te lemetry f r ames  received to the num- 
ber  of f r ames  requested. During the reporting 
period this ra t io  was high. There  were some 
equipment fa i lures  that resulted in loss  of TCP 
lock, although the amount of data lost  was in- 
significant in the overall  evaluation of equipment 
performance. 
G. Predicted Freciuencv Per formance  
The following data, presented for each quarter  
of the reporting per iod, l  show the predicted f r e -  
quencies compared to actual recorded  frequencies.  
1. Dr iver  frequency (June-Sept). Plots of 
the measured auxiliary oscil lator for June, July, 
August, and September a r e  i l lustrated in Figs.  66 
through 68 f o r  the purpose of evaluating p r e -  
dictions. 
period to another. 
differ substantially f rom the actual values, a new 
predicted curve will be presented. 
Plots  a r e  updated f rom one reporting 
If the expected predictions 
Frequency observations lie well within the 
predictions, deviating f rom their  expected values 
by approximately - 150 Hz, a difference not un- 
usual for dr ive r  frequency. 
2. Channel 6 best-lock frequency (June- 
Figures  66 through 70 plot the best  f r e -  =). 
quency measurements  taken during June, July, 
August, and September for Channel 6 as  a function 
of pass  number. The predicted curve for the best  
frequency has been superimposed over the actual 
frequency measurement  to de te rmine  the accuracy  
of the predictions. 
The July plot i l lustrates  that  the actual values 
This fluctuation indicates that the p r e -  
fluctuate above and below their  predictions up to  
P a s s  213. 
dictions were well within the general  range of the 
actual frequency. After P a s s  213, however, 
mos t  of the values measured  lie well below their  
estimated predictions.  The difference between 
the predictions and the actual measu remen t s  i s  
approximately 30 Hz. 
Fo r  August, the plot i l lustrates  that  the actual 
values fluctuate above and below the predicted 
curve by - 25 Hz. Fo r  September,  the plot i l lus- 
t r a t e s  that the actual values exceed their  p re -  
dictions by an average value of 3.20 Hz. 
difference between the actual and predicted values 
indicates the predictions were well within the 
range of the actual frequency. (In comparing 
Channel 6 and Channel 7 values, it may be ob- 
served that more  actual data points were recorded  
for Channel 7; in general, only DSS 51 and 61 
The small  
acquired p r imar i ly  on Channel 6 ;  thus, spacecraf t  
acquisitions were performed mainly on Channel 7. 
3. 
Sept. ). 
points 
Channel 7 best-lock frequency (June- 
For  July the graph shows that the data 
va ry  f rom their  predictions by approxi- 
mately 20  Hz. 
appear to be within 10 Hz of the predicted values. 
The graph for September (Fig. 71) shows that the 
data points v a r y  f rom their  predictions by approxi- 
mately - 15 Hz. Data gaps in figures,  where no 
actual data gaps a r e  shown for a definite period, 
a r e  attributed to interstation t ransfers .  
enough pure spacecraft  acquisitions were per - 
formed during this r epor t  period to enable the 
computing of a sufficient amount of actual data 
points. 
Fo r  August, the actual values 
However, 
4. Dr iver  frequency (Oct. ,  Nov., Dec.]. 
Plots  of the measured  auxiliary oscil lator for this 
period a r e  i l lustrated in Figs. 72, 73, and 74 for 
the purpose of evaluating predictions. Plots a r e  
updated f rom one reporting period to another. If 
the expected predictions differ substantially from 
the actual values,  a new predicted curve will be 
generated. 
Frequency observations l ie  well within the 
predictions, deviating f rom their  expected values 
by approximately 500 Hz, a difference not unusual 
for dr iver  frequency. 
5. Channel 6 best-lock frequency (Oct. ,  
Nov., Dec. ). Figures  75, 76, and 77 plot the 
best  frequency measurements  taken during 
October, November, and December for Channel 6 
as  a function of pass  number. The predictedcurve 
for the best frequency has been superimposed over 
the actual frequency measurement  to determine 
the accuracy  of the predictions. 
The October plot i l lustrates  that the actual 
values fluctuate above and below their  predictions 
by - 15 Hz. 
F o r  November, the plot i l lustrates  that the 
actual values fluctuate above and below the p r e -  
dicted curve by - 10 Hz. Fo r  December,  the plot 
i l lustrates  that the actual values exceed their  p r e -  
dictions by an average value of 20  Hz. The small  
difference between the actual and predicted values 
indicates that the predictions were  well within the 
range of the actual frequency. 
Channel 6 values with Channel 7 it may be observed 
that m o r e  actual data acquisitions were performed 
on Channel 7. ) 
(In comparing 
6. Channel 7 best-lock frequency (Oct . ,  
Nov., Dec. ). Figures  78, 79, and 80 give plots 
of the measu red  best-lock frequencyfor Channel 7. 
F o r  October, November, and December, the 
graph shows that the data points va ry  f rom their  
predictions by approximately 15 Hz. 
in Figs.  79 and 80, where no actual data gaps a r e  
shown for a definite period, a r e  attr ibuted to inter - 
station t ransfers .  However, enough pure space- 
craf t  acquisitions were performed during this r e -  
port  period to enable the computing of a sufficient 
amount of actual data points. 
Data gaps 
'The month of June 1968 i s  included with the f i r s t  quarter  of the reporting period. 
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7. Auxiliary osci l la tor  frequency (Jan. ,  
Feb . ,  March).  T o  evaluate predictions,  plots of 
the measu red  auxiliary osci l la tor  a r e  shown in 
Figs.  81, 82, and 83. Plots  a r e  updated f rom 
one reporting per iod to another. 
predictions differ substantially f rom the actual 
values,  a new predicted curve  is generated.  
Frequency observations l ie well within the 
If the expected 
predictions,  deviating f rom their  expected values 
by approximately 500 Hz, a difference not unusual 
for  dr iver  frequency. 
8. Channel 6 best-lock frequency (Jan. 
Feb . ,  March).  Figure 84 plots the best  fre- 
quency measurements  taken during Februa ry  for - 
Channel 6 as a function of pass  number. 
dicted curve  for  the best  frequency has  been super -  
imposed over the actual  frequency measurement  to  
determine the accuracy  of the predictions.  
plot i l lustrates  that  the actual  values  fluctuate 
above and below their  predictions by - 10 Hz. 
Channel 7 best-lock frequency (Jan.,  
The p r e -  
The 
9. 
F e b . ,  March).  F igures  85, 86, and 87 give plots 
of the measured  best-lock frequency for Channel 
7. For January,  February,  and March,  the graph 
shows that the da ta  points va ry  f r o m  their  predic-  
tions by approximately 25 Hz. 
10. Auxiliary oscil lator frequency (Apr. ,  
May, June). The frequency for  Apri l  indicates that  
the computed data  points fall within 50 Hz (S-band 
level)  of the predicted nominal value (Fig. 88). 
These data  points indicate that the predicted curve 
was well established. 
F igures  89 and 90 illustrate the frequencies 
for  May and June and indicate that the computed 
data  points fall within 50 Hz (S-band level)  of the 
predicted nominal value. 
11. Channel 7 best-lock frequency (Apr. ,  May, 
June). F igures  91, 92, and 93i l lustrate  the Chan- 
ne l  7 best-lock frequencies  for  April ,  May, and 
June. 
computed data point sca t te r  of approximately 25 Hz. 
H. Predic t s  
These i l lustrat ions indicate a rece iver -  
The predicts  generated for  Pioneer  VIIIduring 
the reporting period a r e  summar ized  in Table  14. 
I. Commands 
The total  number of commands sent  during 
The number of this reporting period was 3608. 
commands sent  during each of the months during 
the report ing period was as follows: 
I I I 
I No. of No. of Month commands I Month commands 
JUn 2 74 
J ul 3 64 
Aug 327 
SeP 229 
Oct 221 
Nov 193 
Dec 259 
J a n  329 
Feb  248 
Mar  3 13 
APr 248 
May 280 
JUn 323 
A total  of 5442 commands were sent  f rom the 
t ime of Pioneer  VI11 launch (Dec. 1967) to the end 
of this reporting period. 
J. P a s s  Chronology 
Anomalies which occurred  during the repor t -  
ing period a r e  l isted here  by pass  number. 
pas s  number is defined as the number of t imes ,  
since launch, that  the spacecraf t  has  been above 
the horizon of a par t icular  station. 
A 
During P a s s e s  172 through 180, DSS 42 ex-  
per ienced multiple receiver  gli tches whenever an 
attempt was made  to tune the t ransmi t te r  to center  
frequency ( t rack  synthesizer o r  frequency). 
station equipment anomalies were  uncovered dur  - 
ing the no rma l  investigations even though addi- 
t ional equipment checks were performed during 
and af ter  each  pass .  
controlled osci l la tor  (VCO) acquisit ion potenti- 
ometer  operation was examined and found to be 
normal ;  however, p r ior  to Pass 181, the acquisi-  
tion potentiometer was changed a s  p a r t  of a 
systematic  module exchange plan to localize the 
fault. This  cor rec ted  the rece iver  problem. A 
t e s t  was then devised, using the rece iver  t r a n s -  
la tor  and a c h a r t  recorder  to help localize fur ther  
problems;  the potentiometer was sent  to  the 
module repa i r  shop for  fur ther  investigation. 
N o  
The exci ter  voltage- 
During Pass 172, DSS 61 los t  rece iver  lock 
for 3 min and 25 s because of a defective Maser  
1 klystron pump; the pump was replaced.  
had to be removed f rom the scheduled t racking 
operation during Pass 175 because of m a s e r  prob- 
lems.  A major  power fai lure  caused the Mase r  1 
compresso r  to  fail by overheating; the station 
switched to  Maser  2. While Mase r  1 was cooling 
down, Mase r  2 developed a vacuum leak. An 
attempt was then made to t r a n s f e r  a m a s e r  f rom 
DSS 12, but pr ior  to the installation the substi tute 
m a s e r  a lso los t  i t s  vacuum. 
DSS 11 
On Pass 196, DSS 61 's  building a i r -  
conditioner 10-hp motor  failed. The F R -  1400 
r eco rde r s  had to be turned off f rom 1528 to 1715 
to prevent  overheating. 
making the station operational. 
The motor  was replaced, 
On Pass 200, DSS 14 was unsuccessful in  
t racking the Pioneer  VI11 for spacecraf t  
orientation. 
During Pass 202, DSS 11 was forced to 
briefly te rmina te  t racking because of a severe  
hydraulic leak on the hour-angle axis. 
O-ring was replaced and normal  t racking was r e -  
sumed 5 min and 28 s later. 
a few hours  later, while DSS 12 was providing 
GOE support  to  DSS 11, DSS 12 experienced in te r -  
mit tent  te lemet ry  dropouts. The  inters i te  mic ro -  
wave c i rcu i t  was later checked and readjusted.  
A defective 
On this same pass ,  
On P a s s  217, DSS 61 experienced a hydraulic 
leak at the hour-angle p r e s s u r e  switch causing 
spacecraf t  acquisition to be delayed 17 min;  the 
switch was changed. 
replaced, DSS 61 performed a normal  
acquisition. 
After the  defective p a r t  was 
On P a s s  230, DSS 61 experienced a problem 
with i t s  communications equipment and could not 
t r ansmi t  science data  f rom 1611 to 1915. After 
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making a wiring modification in  the communication 
equipment. data were r e s to red  a t  1915. 
On P a s s  206, a DSS 42 r ece ive r  dropped lock 
while tuning back to t r ack  synfrq. On Pass 218, 
a DSS 42 r ece ive r  dropped lock th ree  t imes du r -  
ing data point acquisition. On P a s s  223, a DSS42 
receiver  dropped lock 3 s for no apparent reason. 
(An analysis was performed and i t  indicated that 
receiver  t ransients  were coincident with receiver  
T-frame withdrawal. After P a s s  229, broken 
wires  were found and repaired on P - 2 6  of Rack 
1030 of Receiver 5 on F r a m e  T2. ) 
Losses  of bit sync, and high-parity e r r o r s  
were experienced during P a s s e s  235 through 239 
a t  DSS 12. The r e su l t s  of these problems are 
under investigation. Tracking of the spacecraf t  
was stopped for approximately 1 h during P a s s  
244 because of m a s e r  failure.  A leak in the he-  
l ium line at  the hour-angle shaft occurred during 
P a s s  251. P a s s e s  252 and 253 were not t racked 
because of the t ime and work involved in r epa i r -  
ing the helium line and cooling down the m a s e r s .  
A blown fuse in TDH 4 caused the antenna to dr ive 
off the spacecraf t  during P a s s  258; receiver  lock 
was lost  for approximately 8 min. 
The antenna declination axis was braked d u r -  
ing P a s s e s  235 and 236 a t  DSS 42 because of an 
unserviceable low-speed tachometer .  Receiver 2 
was taken out of s e rv i ce  on P a s s  252 for the 
purpose of installing the Block 111-C modification. 
A defective r e l a y  assembly caused intermittent 
power failures of the FR-1400 A reco rde r  during 
pass  262. 
A bad APS tape pull drove the DSS 61 antenna 
off the spacecraft  during P a s s  244; receiver  lock 
was lost for approximately 3 min. 
A defective BC-35 c a r d  in  the doppler counter 
dropped the least  significant digit (LSD) of the 
doppler information during P a s s  251 at DSS 62. 
On P a s s  270, a maser fai lure  prevented reg-  
ular scheduled t racking by DSS 12; therefore,  
DSS 14 provided tracking data  on P a s s e s  271 
through 273. While DSS 14 tracked, a broken 
washer in the third stage of the crosshead pump 
displacer  unit was replaced. 
On P a s s  292, a t  DSS 41, the hour-angle dr ive 
clutch began slipping. After the t r a c k  was com-  
pleted, the clutch was cleaned and readjusted for  
proper  opera ti on. 
During P a s s e s  279 through 293, a t  DSS 42, 
tracking was accomplished by using the MSFN and 
the DSN hybrid configuration because the DSN 
rece ive r  was being updated to a Block ILI-C con- 
figuration. During this period, the MSFN receiver  
and exciter were used for data  and commands 
while the antenna was controlled by the DSS sys -  
tem.  On P a s s  291, the t r ansmi t t e r  tr ipped off. 
An investigation was performed to  determine the 
reason the t r ansmi t t e r  tripped. 
At DSS 51 Pass 271, the t r ansmi t t e r  tr ipped 
off because of a leak in the waveguide p r e s s u r e  
line. A connection was tightened and a new bottle 
of nitrogen was connected to  r e s u m e  norma l  oper-  
ation. On P a s s  293, at DSS 61, operation was 
switched f rom Mase r  1 to  Maser  2 because of the 
unstable gain of Maser  1. A sticking intake valve 
on the crosshead pump was r epa i r ed  to  resolve 
the problem. 
Word frame sync was lost  15 t imes during 
Word f r a m e  sync was 
P a s s  285, at DSS 62. To co r rec t  the problem the 
p rogram was reloaded. 
again lost  s eve ra l  t imes on subsequent pas ses  - 
the problem was investigated by personnel a t  
DSS 62, ARC, and the DSIF Operations Engineer- 
ing Group to isolate the problem and determine a 
solution. 
During P a s s  312, a t  DSS 12, Magnetic Re- 
co rde r  "A" would not go into r eco rd  mode. 
printed circuit control c a r d s  were  reseated to 
provide proper  contact in the cage for proper  
operation. 
The 
On P a s s  320, a t  DSS 12, the sync s ta tus  sig- 
nal  f rom the ground operating equipment (GOE) to 
the Analog Instrumentation Subsystem (AIS) re- 
mained at  a constant $14 Vdc because of a 50-s1 
load missing f rom the GOE output. 
operated normally after the replacement of the 
missing 50-C2 load. 
The GOE 
During P a s s e s  312 and 313 at  DSS 51, the 
t r ansmi t t e r  kicked off. 
rect i f ier  was the cause of the t r i p s .  It stopped 
when the high voltage was reduced to 17. 5 kV. 
Cause of the arcing i s  s t i l l  under investigation. 
On Pass 427 at  DSS 42, m a s e r  gain drifted 
Arcing in the high voltage 
2 dB during p a s s  and was corrected during 
postcalibration. 
On P a s s  433 at  MSFN 17, spacecraf t  uplink 
was momentar i ly  lost  due to a commerc ia l  power 
transient.  
On P a s s  435 at MSFN 67, problems were ex- 
perienced in acquiring uplink because of glitches 
caused by a faulty exciter acquisition control 
potentiometer which was replaced after the pass .  
On Pass 444 at DSS 12, the t r ansmi t t e r  failed 
due to commerc ia l  power outage. 
On P a s s  45 1 at DSS 12, intermittent integrate  
and dump (I&D) data were recorded on the FR-  1400 
r e c o r d e r s  due to  a faulty cable in  the t e l eme t ry  
(GOE) equipment. 
On P a s s  453 at DSS 62, ground signal level 
decreased due to  a drop in beam cur ren t  at 
klystron power supply. 
was retuned and the signal increased to a nom- 
inal value. 
The ref lector  voltage 
On Pass 473 at DSS 61, the se rvo  had to be 
placed in  aided t r a c k  due to varying signal levels 
created by a bad sample on the Antennapointing 
Subsystem (APS) dr ive tape. After 10 min,  the 
se rvo  was returned to  slave with no lo s s  of 
data. 
On P a s s  484 at DSS 42, Receiver 1 lost  lock 
during a three-way acquisition. 
was in  the t r ansmi t t e r  acquisition potentiometer; 
the potentiometer was then replaced. 
The problem 
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On P a s s  492 at  DSS 12, the t r ansmi t t e r  failed 
due to excessive forward power caused by the out- 
put drifting and interlock activation. 
in  the proportional amplifier of the heat exchanger 
caused the fai lure  and was replaced. 
A bad tube 
On P a s s  509 a t  DSS 42, loss  of real- t ime 
Re-initializing the program 
t e l eme t ry  data was encountered for 20 min due to 
a T C P  problem. 
corrected the problem after sys t em checkout f rom 
spacecraf t  t o  simulator.  
On P a s s  530 at  DSS 51, loss  of real- t ime was 
encountered due to  a faulty tone keyer in the com- 
munications area. 
On P a s s  5371539 at  DSS 42, high-parity e r r o r  
r a t e s  were noticed. The l inear- to-circular  polar- 
i ze r  was optimized, result ing in increased signal- 
to-noise ra t io  and reduced e r r o r  ra te .  
On P a s s  547 at DSS 51, both DIS tape units 
were nonoperational due to a faulty module. Mod- 
ule HK57 was replaced and forwarded to Goldstone 
for rework. 
On P a s s  548 at  DSS 12, t r ansmi t t e r  outage 
occurred due to commercial  power failure. Gener-  
ator power was used for the remainder  of t h e p a s s .  
On P a s s  549 a t  DSS 1 2 ,  the signal strength 
voltage dropped to a low level due to a maladjusted 
power supply. This was corrected.  
On P a s s  563 at DSS 11, the t r ansmi t t e r  heat 
exchanger failed due to a defective bearing in one 
of the fans. 
unit subsequently repaired.  
The fan was disconnected and the 
Table 15 l is ts  the equipment anomalies occur-  
ring during June. 
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GLOSSARY 
AAS 
AFETR 
AIS 
APS 
ARC 
CDU 
DSIF 
DSN 
DSU 
DTU 
EOT 
GCF 
GOE 
GSFC 
I&D 
I M P  
J P L  
LSD 
advanced antenna system 
Ai r  F o r c e  E a s t e r n  T e s t  Range 
analog instrumentation subsystem 
antenna pointing subsystem 
Ames Research Center 
command distribution unit 
Deep Space Instrumentation Facil i ty 
Deep Space Network 
data  s torage unit  
dig ita1 t e l eme t ry  unit  
end of t r ack  
ground communications facility 
ground operations equipment 
Goddard Space Flight Center 
integrate and dump 
inter im monitor p rogram 
Jet Propulsion Laboratory 
least - significant digit 
MSFN 
NASC OM 
ODP 
PCA 
PCME 
PE 
PIN 
RESID 
RTLT 
SDA 
SFOF 
SMF 
TDA 
TDS 
T C P  
TWM 
TWT 
vco 
Manned Space Flight Center 
NASA Communications Sy s t e m  
orbital  determination program 
polar cap absorption 
Pioneer  celest ia l  mechanics  experiment  
parity e r r o r  
paralleled input 
pseudo- r e  sidual analysis 
round-trip light time 
Systems Data Analysis 
Space Flight Operations Facil i ty 
S-band multiple frequency 
tracking and data acquisition 
tracking and data system 
t e l eme t ry  and command p rocesso r  
traveling wave maser 
traveling wave tube 
voltage-controlled oscil lator 
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Table 1 .  DSN station designations and locations 
1037.5 
989.5 
1213.5 
1 I 6 0  
144.8 
654 
1398.1 
800 
- 
4.0 
526.7 
locat ion 
35.20805'N 
35.1 1861 O N  
35.06662"N 
35.24376"N 
31.21236"S 
35.21962'5 
25.73876"s 
40.238'N 
- 
28.32648 N 
7.89991 " S  
Goldstone, Calif. (Pioneer) 
Goldstone, Calif. (Echo) 
Goldstone, Calif. (Venus) 
Goldstone, Calif. (Mars) 
Woomera, Australia 
Tidbinbilla," Australia 
Johannesburg, South Africa 
Madrid, Spain (Robledo) 
Cerebros, Spain 
Cape Kennedy, Fla. 
Ascension Island" 
,'Formerly listed as Canberra. 
'(No longer operated by DSN. 
Station 
number 
1 1  
12 
13 
14 
41 
42 
51 
61 
62 
71 
72 
Geodetic 
latitude 
35.38950"N 
35.29986"N 
35.24772'N 
35.42528"N 
31.38314"S 
35.401 1 1  " S  
25.88921 "S 
40.429'N 
- 
28.48713"N 
7.9547405 
Geodetic 
longitude 
243.15175'E 
243.19539"E 
243.20599'E 
243.12222'E 
136.8861 4'E 
148.98027"E 
27.68570"E 
355.751 "E  
- 
279.423 15 "E  
345.67242'E 
Geocentric 
latitude 
m e a n  sea 
level, m 
Geocentric 
longitude 
243.1 5080"E 
243.19445'E 
243.20507'E 
243.12127"E 
136.88614"E 
148.98027°E 
27.68558"E 
355.751 'E 
- 
279.42315'E 
345.67362'E 
Geocentric 
radius, krn 
6372.0341 
6372.01 76 
6372.2599 
6372.1 341 
6372.5317 
6371.6686 
6375.541 5 
6370.0868 
- 
6373.2913 
6378.2386 
Table 2. P ioneer  VI11 experiments  
Expe riment/scientific instrument  
Single -axis magnetometer  
P la sma  cup detector  
Quadrispherical  p lasma analyzer  
Radio propagation detector  
Cosmic ray anisotropy detector 
Cosmic ray te lescope 
Celest ia l  mechanics  investigationa 
Management 
NASA/GSF c 
MIT 
NAS A/AR c 
Stanford University 
Southwest Center for  Advanced Studies 
University of Chicago 
JP L 
Principal  investigator 
N. Ness  
H. Bridge 
J. H. Wolfe 
V. R .  Eshleman 
K. McCracken 
J. Simpson 
J. D. Anderson 
a Requires  no on-board instrumentation; u ses  two-way doppler tracking a s  data source.  
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SXiF Cone Xiodcs 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
I O .  
11. 
Two-way cross  polarized 
l inear (the lowest noise 
received) 
Two-way ni a t  c he d 
polarized l inear 
Two-way cross  polar- 
ized l inear (the lowest 
noise received), failure 
mode 
Two-way matched 
polarized linear, 
failure mode 
Right- hand circular  
polarization (RCP), 
listen only 
RCP, two-way 
RCP, failure mode 
R C P  two-way, failure 
mode 
Iaw noise star t rack 
Mcdiitin noisc s t a r  
t rack 
High noise s t a r  track 
__ 
s w 
1 
A 
- 
C 
A 
C 
A 
C 
A 
C 
A 
A 
C 
- 
- 
3 \$ 
2 
A 
- 
C 
C 
A 
P 
C 
C 
P 
P 
C 
C 
- 
Table 
- 
S \v 
4 
__ 
B 
B 
A 
B 
C 
B 
C 
B 
C 
C 
u 
__ 
i. SMF cone modes 
Lower 
Jola rizc I 
45 
45 
45  
45 
0 
0 
0 
0 
0 
0 
0 
Uppc r 
Polarizri  
A S  
required 
As 
required 
A s  
r equi red 
As 
c equi red 
90 
90 
90 
90 
90 
90 
90 
Low 
Uoisc 
aas  e I 
1 
'ailed 
1 
'ailed 
1 
vfcdiurii 
Noise 
Maser 
2 
1 
2 
2 
CoIllrncnt li 
Zhannel 6 a11d 
jolar 
)cc u l  ta t ion 
Zhannel 7 
vlaser 1 
railure, no 
iuto t rack 
vlaser 1 
'ailure, no 
iuto t rack 
Left- hand 
:i rcula r 
3olarization 
;LCP) a t  
Maser 2 
Maser 1 
;a ilu r e  
Maser 1 
:ailure 
RCP 
RCP 
RCP 
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Table 4.  P ioneer  VI11 F i t te ra te  doppler noise estimates (June)  
DSS 
42 
42 
42 
61 
11 
42 
11 
42 
11 
42 
42 
42 
11 
42 
11 
42 
41 
42 
42 
Pass 
172 
173 
175 
175 
175 
176 
176 
180 
182 
184 
185 
189 
189 
190 
190 
19 1 
191 
193 
195 
153 
154 
156 
156 
156/ 
157 
147 
157 
161 
163/ 
164 
163 
166 
170 
170/ 
171 
171 
171/ 
172 
172 
172/ 
173 
174 
176 
072602 
062802 
042902 
145302 
222802 
071602 
221102 
062902 
222002 
072802 
065702 
071202 
235102 
071902 
220402 
071002 
222302 
061302 
061002 
142802 
141602 
142102 
201 102 
063802 
142202 
063802 
141902 
062902 
142202 
142602 
141602 
062802 
141702 
062802 
141702 
062802 
141902 
141402 
Expected 
points 
423 
469 
593 
319 
49 1 
427 
508 
471 
49 0 
415 
450 
425 
398 
419 
505 
428 
486 
496 
485 
Actual 
points 
422 
462 
586 
319 
485 
424 
505 
467 
487 
414 
450 
422 
390 
419 
500 
426 
486 
49 6 
485 
3 . 5  
Rejection 
0 
2 
3 
0 
0 
3 
0 
2 
0 
1 
0 
0 
0 
0 
2 
2 
0 
0 
0 
Input 
rejection 
1 
5 
3 
0 
6 
0 
4 
2 
3 
0 
0 
4 
3 
0 
4 
0 
0 
0 
0 
- 
I M P  
loss  
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
- - 
Noise 
0.01085 
0. 00951 
0. 00921 
0. 00847 
0. 00649 
0. 00904 
0.00641 
0. 00910 
0. 00619 
0. 00950 
0.00960 
0.00861 
0. 00552 
0. 00900 
0. 00554 
0.00964 
0. 00581 
0.00826 
0.00849 
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Table 5. F i t t e r a t e  d o p p l e r  no ise  estimates (Ju ly)  
I’.:< 
11 
11 
-1 2 
42 
42 
42 
42 
42 
42 
42 
42 
32 
42 
61 
61 
61 
61 
61 
61 
61 
61 
.I z 
I ’ . I S S  
203 
206 
202 
205 
206 
214  
215 
210 
211; 
220 
223 
2 2 1  
226 
210 
214 
215 
218 
223 
227 
230 
2‘3 2. 
270 
1 s11 
1 S5 
1871  
188 
183 
186 
187 
195 
196 
191 
199 
20 1 
204 
205  
207 
191 
195 
196 
199 
204  
208 
211 
213 
7 1  1 
I 
243 
458 
332 
42 4 
432 
417 
48 5 
41 7 
346 
430 
343 
41 5 
276 
318 
434 
452 
44 1 
22 1 
277 
102 
. I 6  3 
3 3 5  
Actual  
1’0 i n l  :i 
2 38 
457 
332 
424 
432 
417 
485 
417 
346 
430 
343 
414  
273 
318 
434 
444 
440 
22 1 
277 
102 
463 
3 3 5  
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
3 
0 
0 
0 
i 
0 
0 
0 
\I  
7 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
‘3 
\ I  
0 ’  .. . a ‘, i s c 
0.03600 
O.OOLO9 
o.ooa74 
0.003 10 
0.00951 
0.00878 
0. C3898 
0.00312 
0.00849 
0.00863 
0.00396 
0.00979 
0.01207 
0.00?06 
0.00s-13 
O.OPS.!,* 
0.00.3-.;: 
:\ , :.lo3 *=I 
b. (l..,SJIl 
I .  P,r):o2 
‘3. ;JOd78 
0 . 3 3 S i 9  
I 
I 
I 
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Table 6. Fi t terate  doppler noise es t imates  (August) 
!‘.is 
51 
6 1  
42 
42 
61 
6 1  
61 
61 
42 
52 
61 
12 
61 
12 
12 
42 
42 
4 2  
42 
42 
4 2  
42 
- 
Pi I: :.
233 
236 
238 
239 
239 
240 
242 
24 3 
24 4 
24 5 
24 5 
246 
247 
24 7 
248 
251 
25.; 
255 
257 
259 
26 1 
263 
Day 
214 
21 7 
219 
220 
220 
221 
223 
224 
225 
226 
226 
227 
228 
228 
2291 
230 
232 
23s 
23G 
238 
240 
247. 
214 
From 
(G AlT ) 
1433 
1444 
0559 
0559 
1446 
1559 
1457 
1447 
0802 
0224 
1453 
0143 
1449 
0143 
2242 
0756 
0409 
O L I O  
01~03  
000n 
0 5 5 8  
0603 
-- 
T o  
(Ghl’r) -- 
2151 
2223 
1403 
1403 
2142 
2058 
2038 
2038 
1403 
1403 
2138 
0527 
2137 
0527 
0501 
1352 
1351 
1357. 
1400 
1350 
I350 
I350 
nclual 
Point 9 
- 
427 
460 
432 
484 
413 
290 
342 
348 
362 
700 
405 
225 
408 
222 
286 
3 57 
583 
463 
478 
103 
473 
46rl 
3.5 u 
Rc j e c  t ion 
--- 
0 
0 
47 
0 
0 
2 
0 
0 
0 
0 
1 
0 
3 
10 
0 
0 
0 
0 
0 
0 
0 
Inpiit 
Rcjcction 
9 
0 
4 
1 
3 
6 
0 
3 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
2 
0 
0 
0 
6 =  
Noise  
0.00898 
0.00822 
0.00859 
0.00842 
0,00874 
0.00771 
0.00848 
.Oe 00836 
0.00867 
0.00955 
0.00840 
0.00520 
0.00816 
0.00503 
0.00514 
0.00800 
0.00851 
0.0090-1 
0. OOGZO 
0.00643 
0.00935 
0.0092 
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Table 7. Fi t terate  doppler noise es t imates  (September) 
--- 
Pass 
264 
265 
267 
268 
271 
272 
273 
275 
276 
278 
279 
280 
281 
289 
us s 
- 
-1 2 
61 
61 
61 
14 
14 
14 
61 
51  
12 
61 
61 
61 
(! 1 
- 
- 
Day 
245 
246 
248 
249 
25213 
254 
255 
256 
257 
260 
260 
261 
262 
270 
DSS 
From 
GMT)  
0925 
i a o o  
1433 
1431 
2204 
0131 
0130 
1437 
1854 
0330 
1426 
1433 
1441 
1436 
- 
'ro 
(CiA.1'1) 
1403 
2110 
2100 
2059 
0205 
0434 
0352 
1741 
2103 
0450 
1740 
2033 
2034 
1738 
-. 
GMT 
Day 
Pass 
No. 
F r o m  To  
279 
191 
388 
3 89 
242 
174 
131 
I a 5  
a9 
79 
195 
3 52 
3 54 
1 a3 
-_ - 
Points 
Rejected Actual Noise 
Points  5 = Hz 
3.55 Input 
3 . 5 u  
lic j c c t ion 
42 
51 
0 
0 
0 
0 
0 
10 
12 
0 
3 
2 
0 
1 
0 
0 
39 1 006 071715 072920 725 1 0 0.082 
393 008 152101 153251 711 0 2 0.41 1* 
Input 
Iicjcctivn 
0 
0 
0 
a 
0 
0 
0 
0 
2 1  
a9 
0 
3 
0 
0 
51 
42 
42 
42 
( T =  
Noisc 
393 008 153502 202902 295 
393 008 040102 120202 475 
394 009 040002 120702 479 
395 1 o l o  035902 120802 485 
0.00926 
0.00895 
0.00805 
0.00805 
0.0101 1 
0. 01017 
0.01121 
0.00823 
0.00513 
0. 00508 
0.0082 1 
0.0052a 
o.ooa52 
0.00602 
0 0 
5 2 
4 6 
2 3 
Table 8. Pioneer  VI11 Fit terate  summary  (January)  
0. 0085 
0.0055 
0.0059 
0.0061 
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Table 9.  Pioneer  VI11 Fi t te ra te  summary  (February)  
Rejected 
Points  I T =  Ha 
F r o m  Input 
42 6 04 1 073102 120302 
42 8 043 052702 120402 
432 047 115102 195902 
433 04 8 073402 11060L 
272 0 
397 1 
470 4 
212 1 
434 0 
110502 E_049 052702 
42 
42 
42 6 04 1 071653 072849 716 1 0 0.0967 
0. 1124 433 04 8 071835 073200 806 0 2 
-__ .- - 
DSS 
i 0.0055 42 
42 
62 
42 
42 
0.0055 
0. 0052 
0. 0065 
0. 0067 
1-Sccond Samplc R a t e  
- 
62 
6 9  
77 
8 4  
9 0  
0 62 
62 
42 
61 
61 
174436  
174734  
0 7 3 1  34 
175023 
175931 
074317 
346 
703 
447  
4 54 
462 
4 6 9  
475 
0 . 0 7 5  
N o t e  2 
0 . 0 9 3  
0. 085 
0. 083 
174734 175931 71 7 
1751 01 180248 1 700 1 
1 -Minute Sample Rate 
62 
61  
42 
61 
42 
449  
4 52 
454 
463 
464 
473 
473 
64 
68 
6 9  
76 
7 9  
88 
8 8  
1 3 3 6  
1330 
1132 
1354 
0459  
1502 
0535  
1929 
1929 
1740 
1858 
1059 
2125  
1125 
3 
5 
1 
0 
10 
1 
351 
355 
299  
361 
369 
348 
0 .0073  
0 . 0 0 4 6  
Note 1 
0 . 0 0 4 5  
0. 0063 
0.0060 
0.0062 
J\'ot;- 2 :  T);,fa 11o1 i.el;tinctl tluc t o  bad  tap". Day c h o c k  failed on d a t a  pack p rogram;  no encl-of- 
~ f i le  ~- I - J I v Y . : . ~ ? ~  o : i t ? i i r . ( l  - ~ on t r a c k  tape __ for  -. this . pass .  ~. - Ii 
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Ncite 1 :  T J I J J  could not be recoxrercd due to poor  tape r eco rds  f r o m  DSS 62. 
Table 11. F i t te ra te  summary  (April)  
G M T  
F r o m  To 
Pass 
DSS Number  Day 
Poin t s  
Actual Rejected No i se  
I Input . HZ Poin ts  3.5u 
1 -Minute Sample Rate  
8 9  
50 
2 53 
259 
2 62 
241 
4 78 
4 8  1 
489 
4 94 
50 I 
503 
504 
0 162::::: 0.0041 
0 148::::: 0 .0045  
1 64:>:> 0.0047 
3 69::::; 0 .0043 
1 63$::s 0 .0043 
0 60:::::. 0.0052 
0 4 73;:: O . O D 4 - l  
93 
96 
104 
109 
116 
118 
1 1 'f * 
~~ 
1204 
1215 
1213 
1209 
1302 
1232 
1231 
52:>:> 0.0055 
128::::: 0 .006 
4 7 7  
48 1 
48 9 
494 
50 1 
303  
NOT AVAILABLE 
3 73 0 0 
209 1 0 
295 1 2 
92 
96 
104 
109 
116 
118 
0.0065 
0.0066 
0.0075 
0616 
061 7 
0628 
0639 
0516 
0800 
97 
112 
104 
111 
118 
1859 
1856 
1756 
1605 
1654 
1756 
1630  
175332 180529 
175740 180916 
07431 5 075702 
074214 075806 
074444 075631 
1200 
1142 
1143 
1138 
1130 
1129 
951 0 0 
704 2 0 
* 
0.017 
0.122 
. 1 -Second Sample Rate 
48 2 
497  
48 9 
496 
5 0 3  
::<TDH P12.n 'IF" unusable due to  use of inco r rec t  patch board. 
::::)l!agnetic tape  o r  machine problem at Goldstcne Computer  Fac i l i ty  o r  s i te  - under 
investir!ation. 
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Table 12. Pioneer VI11 passes  with 'ligh par i ty  e r r o r  rates (October) 
Index Number 
1 
2 
3 
4 
5 
St at ion 
61 
51 
61 
61 
61 
Pass Number 
317 
318 
321 
322 
323 
- 
P E R  
0.11 
0.11 
0.17 
0.19 
0.20 
Comments 
.-____ 
Tracking w a s  per formed without polar izer .  
Value given i s  valid only fo r  a few sample  readings.  
Tracking was  per formed without polar izer .  
Tracking w a s  per formed without polar izer .  
Tracking w a s  per formed without polar izer .  
Station 
61 
51 
51 
Table 13. P a s s e s  with high-parity e r r o r  rates (November) 
Pass  
Number 
3 28 
338 
3 39 
- 
P E R  
0. 382 
0.424 
0. 115 
Comments 
The p r i m e  masc'r, Maser  1 ,  was  down for 
maintenance. I n  addition, the microwave 
link to  DSS 62 was inoperative.  Land line 
communications w e r e  maintained to  the 
GOE at DSS 62. 
The value given is high because the 
dominant bit r a t e  mode was  8 bps during 
th i s  p a s s .  
of o n l y  t h r e e  readings a t  16 bps. 
The dominant bit r a t e  was  8 bps.  
value given i s  the mean of only eight read-  
ings a t  16 bps.  
The value shown i s  the average  
The 
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Table 14. Predic t s  summary  
Pr<. cl I L t 
NO. 
2 3 c  
P a r t  1 
2 3 c  
P a r t  2 
2 3 c  
P a r t  3 
231) 
P a r t  1 
231) 
P a r t  2 
2 3 D 
P a r t  3 
L4C 
P a r t  1 
24C 
P a r t  2 
24C 
P a r t  3 
241) 
F'ni-t 1 
2411 
P a r t  2 
241) 
P a r t  3 
25C 
P a r t  1 
2 5 c  
P a r t  2 
2 5 c  
P a r t  3 
26C 
Par t  1 
T f req ,  
M HL 
L L O L .  05') 150 
L L 3 2 .  059150 
LLO 2.  059 150 
2292. 059 150 
2202. 05'1 150 
2292. 059150 
22'12. 059000  
2292. 050000 
L L ' I L .  058'100 
2292. 05000 
L Z ' I L .  0 5 9 0 0  
2292.  058'300 
2292. 05880 
2292. 058800 
2292.  058700 
2292. 058700 
~ 
2 1. ' 1  85 375 
21. 985370 
2 1.985370 
2 1. 088'190 
21 .  'l88'170 
21. ' )88 '170 
2 1.  ') 8 5 360 
21.985360 
21. '185360 
21. '188060 
L 1 .  0 88 '1  60 
2 1 .  (l88')60 
21.  085365 
2 1. 9 8 5 3 4  5 
21,985340 
21.985340 
Cover age 
611 tu 6 /10  
6/10 to  6 /20  
6/20 to  711 
611 to 6/10 
6/10 to  6 / 2 0  
6/20 to  711 
711 to 7 /10  
7 /10  to  7 /20  
7 /18  to  811 
711 to 7 /10  
7/10 to  7 /20  
7 /18  t o  811 
7 /30  to  8 /11  
8 /11  to 8 / 2 0  
8 / 2 0  to 8/29 
8/29 to  914 
Sample r a t e ,  s 
900 
900 
900 
900 
900 
900 
900 
900 
9 0 0  
300 
300 
300 
300 
300 
300 
300 
C = predic t s  s e t  applicable to Channel 6 ;  D to Channel 7. 
T Freq = spacecraf t  auxi l iary osci l la tor  o r  d r iver  frequency. 
XMT R c f  = ground t r ansmi t t e r  synthcsizcr frequency for  best-  lock 
a t  z e r o  dopp1t.r. 
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Table 14 (contd) 
P rcd ic  t 
No.  
25D 
P a r t  1 
25D 
P a r t  2 
25D 
Part 3 
26D 
P a r t  1 
26C 
P a r t  1 
26C 
P a r t  2 
26C 
P a r t  3 
26D 
P a r t  1 
26D 
P a r t  2 
26D 
P a r t  3 
27C 
27D 
28C 
28D 
28C 
28D 
29C 
29D 
3 OC 
30D 
T f req ,  
MHz 
2292. 058800 
2292. 058800 
2292. 058700 
2292. 058700 
2292. 058700 
2292. 058700 
2292. 058600 
2292. 058700 
2292. 058700 
2292. 058600 
2292. 058500 
2292. 058500 
2292. 058300 
2292. 058300 
2292. 058300 
2292. 058300 
2292. 058100 
2292. 058100 
2292. 058300 
2292. 058300 
X M T  r r f ,  
MHZ 
21.988960 
21.988970 
21.988960 
21.988960 
21.98 
21.985340 
21.985360 
21.988960 
21. 988960 
21. 988970 
21.985360 
21.988960 
21.985350 
21.988940 
21.985350 
21.988940 
21.985350 
21.988940 
21.985350 
21.988940 
Coverage 
7 /30  to  8 /11  
8 /11  to 8 /20  
8 /20  to  8 /29  
8/29 t o  914 
8/29 to  914 
91.1 to 9/12 
9 /12  to  9 /20  
8/29 t o  914 
914 to 9/12 
9 /12  to 9 /20  
9 /20  to 9 /28  
9 /20  to 9 /28  
9 /28  t o  1017 
9 / 2 8  to 1017 
9 /28  to  1016 
9 / 2 8  to 10/6  
1016 to 10114 
1016 t o  10114 
10114 t o  10/22 
10114 to 10122 
Sarnplr r a t e ,  s 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
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Table 14 (contd) 
P 1- e d i c t  
No. 
3 IC 
3 ID 
3 2 c  
3211 
i2C 
321) 
3 3C 
3 3D 
31C 
31u 
15c  
35D 
36C 
36D 
3 7 c  
37D 
38C 
38D 
39c  
39D 
1oc 
4 0 D  
4 IC 
11D 
4LC 
. 42D 
1 3 c  
13D 
v P5  
44C 
14D 
4 5 c  
15D 
46C 
46D 
4 7 c  
47D 
3 9 6  
48C 
48D 
1 9 c  
49D 
SPC 
SPC 
T freq,  
MHz 
2292. 057900 
2292. 057900 
2292. 057800 
2292. 057800 
2292. 057800 
2292. 057800 
2292. 057600 
2292. 057600 
2202. 057500 
2292. OS7500 
2292. 057400 
2292. 057400 
2292. 057200 
2292. 057200 
2292. 057100 
2292. 057100 
2292. 057100 
2292. 057100 
2292. 057 100 
2292. 057100 
2292. 057450 
2292. 057450 
2292. 057700 
2292. 057700 
2292. 057850 
2292. 057850 
2292. 058100 
2292. 058100 
2292. 058300 
2292. 058300 
2292. 058300 
2292. 028500 
2292. 028300 
2292. 058700 
2292. OS8700 
2292. 058900 
2292. 059800 
2292. 059000 
2292. 058800 
2292. 058800 
2292. 059000 
2292. 059000 
2292. 059000 
2292. 059000 
XMT ref ,  
h*LIz 
2 1 . 0 8 5 3 4 0 
21.088910 
21.985540 
21.988930 
2 1. 985340 
21.988930 
2 1. 9 8 5 310 
2 1.  0 88920 
21.985340 
21 .  988920 
2 1.  9 8 5 3 30 
2 1 .  988930 
2 1. 9 8 5 3 30 
2 1. 988930 
21.985340 
21.988930 
2 1 .  985320 
21.988920 
21.985320 
2 1 .  988020 
21. 985341 
2 1 .  9 8 89 36 
2 1 . 9  8 5 340 
21.988940 
21.935345 
21.988940 
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Fig. 82. Auxiliary oscil lator frequency vs pass  number (February)  
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Fig. 90. Auxiliary osci l la tor  frequency vs pass  number (June) 
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